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Mechanism design is the sub-field of microeconomics and game theory, which considers agents have
their own private information and are self-interested and tries to design systems that can produce
desirable outcomes. In recent years, with the development of internet and electronic markets,
mechanism design has become an important research field in computer science. This work has
largely focussed on single markets. In the real world, individual markets tend to connect to other
markets and form a big “network market”, where each market occupies a node in the network and
connections between markets reflect constraints on traders in the markets. So, it is interesting to
find out how the structure of connected network markets impacts the performance of the resulting
network markets and how we can optimize performance by varying the things that one could control
in a network market. In this dissertation, I aim to find out whether we can apply transfer learning
to other machine learning techniques like reinforcement learning in the design of network markets to
help optimize the performance of the network markets. I applied transfer learning on both machine
learning trading strategies and machine learning strategies for selecting which market to trade in.
I found that, in most cases, by applying transfer learning to machine learning trading strategies
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“Mechanism design is the sub-field of microeconomics and game theory that considers
how to implement good system-wide solutions to problems that involve multiple self-
interested agents, each with private information about their preferences.” [Parkes, 2008]
Mechanism design, as its name indicates, is about how to design good mechanisms or institutions.
A mechanism, as Maskin pointed out [Maskin, 2008], is an institution, procedure, or game for
determining outcomes. In a mechanism design problem, a mechanism works like a communication
system, in which agents can exchange messages with each other. Agents are self-interested, each
with private information about their preferences, and they send messages as a function of their
information. Based on the inputs from agents, the mechanism determines an outcome. The goal
of mechanism design is to find a mechanism that can generate desirable outcomes.
In recent years, with the development of Internet and electronic markets, mechanism design has
become an important research field in computer science. It has many important applications, below
are some areas it has been applied to:
• Market mechanism design: which may include designing computerized software trading agents
(e.g., Gode and Sunder’s zero-intelligent agent [Gode and Sunder, 1993a], Cliff’s zero-intelligent
1
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plus agent [Cliff, 1997], Gjerstad and Dickhaut’s GD agent [Gjerstad and Dickhaut, 1998],
etc.) or designing electronic markets (e.g., Cliff used genetic algorithms to evolve online
markets [Cliff, 2003]).
• Market-based control: which uses market based method to manage, control or evolve com-
plex, distributed computerized systems [Abramson et al., 2002, Ferguson et al., 1996, Regev
and Nisan, 1998]. One important application is to use market mechanisms to control com-
putational resources (sharing bandwidth, CPU cycles, file space, etc.), e.g., Buyya et al. use
market mechanisms to manage GRID computing systems [Buyya et al., 2001].
• Formation of economic networks: in which interactive networks are formed based on the
strategic interaction among agents [Klos and Nooteboom, 2001, Kranton and Minehart, 2001,
Vriend, 1995, Wilhite, 2006a]. For example, Kranton and Minehart let self-interested traders
to act strategically and form networks [Kranton and Minehart, 2001].
All the scenarios above also draw out the computer science reasons for being interested in markets.
For example, in the first scenario, we can utilize computational techniques to design autonomous
software agents to perform economic tasks on behalf of humans. We know that, software agents have
the ability to respond much faster to market events than human traders. Kephart [Kephart, 2002]
also compared variants of zip (zero-intelligent plus) agents and GD agents with human traders. He
found that, on average, software agents can generate about 20% more surplus than human traders.
Besides Kephart, Deluca and Cliff [Luca and Cliff, 2011a,b] also compared the zip, GD, GDX
and AA strategies with human traders. They found that all four software trading agents could
consistently outperform human traders in CDA markets. Therefore, designing high performance
software trading agents is an interesting research area for computer scientists. Futhermore, the
emergence of high-speed computation created a good opportunity for implementing more sophisti-
cated strategies, which also gives computer automation a great potential in designing more efficient
agents.
In addition, game-theoretic analysis also offers a promising approach for systematic investigation
of agent strategies. Also, as mentioned in the second scenario, markets can be a useful tool to help
control or distribute resources among self interested individuals with incomplete information. So
it is interesting to find out whether we can use computer science techniques to build or evolve a
computerized system that works well even though it is full of self interested agents. With reference
to the third scenario, in the real world, agents may interact with each other in the kind of markets
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just outlined forming a trader network where each agent occupies a node in the network. Or whole
markets could connect to other markets and form a big “network market”, where each market
occupies a node in the network and connections between markets reflect constraints on traders in
the markets. In this context it is interesting to find out whether we could form or evolve an effective
trader network (network market) based on the strategic interaction among agents (markets).
All of this work on markets is related to auctions, so I’ll give a brief introduction to auctions first.
1.2 Auction mechanism design
Market mechanisms, in particular auctions, have been widely used to solve real-world resource allo-
cation problems, and in structuring stock or futures exchanges like the New York Stock Exchange
(NYSE ). When well designed [Klemperer, 2002a], auctions can achieve desired economic outcomes
like high allocative efficiency whilst being easy to implement.
In recent years, with the development of the Internet, auctions are able to be held on line. This
provides greater access for people who want to take part in auctions to purchase or sell items,
increasing the liquidity of individual auctions as well as the number of auctions held. A great
number of electronic markets have emerged, and there is a huge volume of business that is carried
out in these electronic markets. EBay, one of the most famous e-commerce companies in US, now
has around 152 million active users [eBay, 2015] and there are about 700 million items listed in the
eBay marketplace.
Therefore, there is a need to understand the operation of markets. In particular, there is a need to
understand how markets are best constructed, since the performance of markets are very sensitive
to their operating conditions [Klemperer, 2002b]. The behavior of markets is very complex, so
it’s hard to do the requisite theoretical analysis, but with the growth of the computing power and
modern techniques, many computational approaches have become available for both economists
and computer scientists. Much work has been done using agent-based techniques to analyze and
design markets [Byde, 2002, Cliff, 2002, 2003, HPL-2002-128, Phelps et al., 2002a,b, Walia et al.,
2003, Wurman et al., 2001].
The works mentioned above are mainly focused on individual markets. However, in the real world,
many markets do not operate in isolation. Instead, individual markets tend to connect to other
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markets and form a big “network market”, where each market occupies a node in the network and
connections between markets reflect constraints on traders in the markets. These constraints mean
that a choice to trade in one market limits the trader’s choice of other markets to use. This kind of
network market is important because so many basic products, including gas, water, and electricity,
are traded in such markets. Also, company stock can be listed on several stock exchanges. For
example, US companies may be listed on both the NYSE, NASDAQ and, in the case of larger
firms, non-US markets like the London Stock Exchange (lse). Indian companies, for example,
can be listed on both the National Stock Exchange (nse) and the Bombay Stock Exchange (bse)
[Shah and Thomas, 2000]. Until their merger in 2008, many commodities could be traded on both
the Chicago Mercantile exchange (cme) and the New York Mercantile Exchange. Such multiple
markets for the same goods have a complex dynamics. The simplest example of this is, of course,
the work of arbitrageurs who exploit price differences between markets to buy low in one and sell
high in another, thus evening the prices between markets.
1
More complex, and less predictable
dynamics occur in situations like that when the newly created Singapore International Monetary
Exchange (simex) claimed much of the trade in index futures on Nikkei 225 from Japanese markets
in the late 1980s or when the nse opened and proceeded to claim much of the trade volume from
the established bse [Shah and Thomas, 2000], Changes like this take place over a long period of
time, and stem from considerations such as the liquidity provided by the markets, and the (lack
of) regulation that the market is subject to. Inter-market dynamics can also have much shorter
timescales, as was the case in the flow between the cme and the nyse during the global stock
market crash of 1987 [Miller et al., 1988]. [Ramos, 2003] presented an overview of competition
between stock exchanges, explored the driven forces behind the competitions as well as their effects
and how competitions are limited due to regulations.
This kind of interaction between markets has not been widely studied as yet, but, as [Bakos, 1998]
suggests, seems to be increasingly relevant. In particular, there has been no systematic study
of the use of automated traders in multiple connected, competing markets, though a number of
different scenarios have been investigated. [Cassar and Duffy, 2001] uses agent-based methods to
examine the effects of linked markets on financial crises, while [Wilhite, 2001] looks at the effect of
different trade routes on price convergence. [Moyaux and McBurney, 2006a,b, Moyaux et al., 2010]
1
Though they are not studying here, futures exchanges make it possible for dealers in a particular commodity
to offset their risks by trading options — commitments to buy or sell at a future date at a certain price — in that
commodity, and these provide further opportunities for arbitrage. For examples of experimental work on the kind of
speculation that occurs in futures markets, see [Miller et al., 1977, Williams, 1979, Williams and Smith, 1984].
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study the bull-whip effect [Lee et al., 1997]
2
in supply chains. The most closely related research I
know of is the following. [Judd and Kearns, 2008] describe experiments with human traders that
clearly show that restrictions on who is allowed to trade with who — restrictions that are different
from those imposed in my work, but clearly have some similarities — have a significant effect on
market clearing performance while [Wilhite, 2006b], though mainly concentrating on results from
network versions of the Prisoner’s Dilemma, describes agent-based experiments in the same kind
of scenario as studied in [Judd and Kearns, 2008] with similar results. [Ladley and Bullock, 2006]
studies how the similar restrictions affect the convergence of price to the theoretical equilibrium,
running software agents in a cda market network. [Caillaud and Jullien, 2003], [Ellison et al.,
2004] and [Sohn et al., 2009] on the other hand made analytical analyses of the interaction between
two competitors. [Shi et al., 2010] and [Shi et al., 2013] uses empirical game theory to analyze
the equilibrium market selection strategies for traders and fee strategies for markets. [Chapman
et al., 2013] and [Zhang, 2015] allow traders to form social networks and study the social influence
of traders on each other’s performance in a multiple markets scenario. And [Alorić et al., 2017]
studies the possibility of spontaneous segregation into groups of traders that have to choose among
several markets.
The existing literature thus leaves room to study the use of automated traders in multiple connected
“network markets” and how we can optimize performance by varying the things that one could
control in a network market. This dissertation is on exactly this topic. It focuses on the use of
computational techniques, in particular machine learning, in the design of network markets. It
aims to find out whether we can apply transfer learning to traders’ trading strategies and market
selection strategies to optimize the global network market performance.
The thesis is organized as follows: Chapter 2 gives a brief introduction to auctions and some
related works. Chapter 3 describes the experimental model, the software, the methods that I used
and also gives a brief introduction to the reinforcement learning and transfer learning. Chapter 4
analyzes the effect of using transfer learning on traders’ trading strategies and proposes two transfer
learning trading strategies. Chapter 5 analyzes the economic effects of using transfer learning on
traders’ market selection strategies and introduces two new market selection strategies using transfer
learning. Chapter 6 summarizes my dissertation research and discusses possible future work.
2
Where small fluctuations in supply in one market can have an effect that magnifies through the network.
Chapter 2
Literature Review
Since my work is related to auctions, in this chapter, I will first go over some background about
auctions, then I will review some literature that is related to auctions. Since this thesis aims to
study networked markets and find out whether we can apply transfer learning to traders’ trading
strategies and market selection strategies to help optimize the network market performance, I will
discuss some work related to network topology and transfer learning. This chapter is constructed
as follows, in sections [2.1 - 2.4], I will briefly go over some background and terminology about
auctions. In section 2.5, I will discuss some classic work in experimental investigations of double
auctions. In section 2.6, I am going to go over work related to designing computerized trading
agents, and in section 2.7, I will discuss work related to designing auction mechanisms. In sections
2.8 and 2.9, I will discuss work related to network topology and transfer learning.
2.1 Auction
An auction is a market mechanism, described by a set of auction rules that specify how the winner
of the auction is determined and how much he has to pay. The rules of an auction determine, on the
basis of the offers that have been made, the allocation of goods and money between traders. When
well designed, auctions achieve desired economic outcomes like high allocative efficiency whilst
being easy to implement.
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There are many different kinds of auction. One of the most widely used kinds is the double auction
(da), which allows both buyers and sellers to make offers simultaneously. The clearing house (also
known as the call market) and the continuous double auction (CDA) [Friedman and Rust, 1993]
are two common forms of double auction. In the clearing house auction (CH), buyers and sellers
can place their bids and asks
1
during a predetermined period of time, and when the period is over,
the auctioneer will close the market, collect all the orders, and calculate how many bids and asks
can be matched. The clearing price is determined as the price at which the most orders can be
executed. Usually, a clearing house is used when a double auction is required and the trade volume
is small. Another common type of double auction is the continuous double auction. Unlike the
clearing house, in the continuous double auction, traders can make deals continuously throughout
the auction, and transactions take place immediately when there is a matched pair of bid and ask.
The cda is one of the most common exchange institutions, and is in fact the primary institution for
trading of equities, commodities and derivatives in markets such as the New York Stock Exchange.
2.2 Some terminology
2.2.1 Private value
In the model that I will use in this thesis, basically that of Smith 1962 [Smith, 1962], each trader
has a value that they place on the good, which is called private value or limit price. The private
value is the maximum price that a buyer is willing to pay for certain good or the minimum price
that a seller is willing to sell the good for.
2.2.2 Supply and demand
A supply curve shows the direct relationship between price and the amount of goods that are offered
by sellers. It will slope upward to the right, where price is plotted on the y-axis and quantity is
plotted on the x-axis. A supply curve indicates how many goods the sellers are willing to sell at a
given price. A demand curve shows how many goods that the buyers are willing to buy at a given
price, and so it will slope downward to the right, where plotted on the same axes as a supply curve.
1
A bid is the highest price that a buyer is willing to pay for an item at a given time, while an ask is the lowest
price at which a seller is willing to sell an item at a given time.
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Figure 2.1: Sample supply and demand curve
Figure 2.1 gives a sample supply and demand curve. As can be seen, at price P0, where supply
curve and demand curve intersect, the quantity demanded is equal to the quantity supplied (Q0).
This price P0 is called the equilibrium price and the quantity Q0 is called the equilibrium quantity.
At any price above P0, the quantity supplied exceeds demand, e.g., price P2, while any price below
P0, e.g., P1, the quantity demanded exceeds supply. In a supply-demand curve, a buyer (seller)
whose private value is higher (lower) than the market equilibrium price is called an intra-marginal
trader, while a buyer (seller) whose private value is lower (higher) than the market equilibrium
price is called an extra-marginal trader.
2.3 Performance metrics
2.3.1 Market efficiency
Since auctions have been widely used in solving resource allocation problems, one of the major
concerns is an auction’s ability to maximize social welfare, which means how close the actual
overall revenue is to the theoretical overall revenue. Market efficiency (also known as the Allocative




= 100(PBa + PSa
PBe + PSe
) (2.1)
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where Pa and Pe are the actual overall profit and theoretical overall profit respectively, PBa and PSa
are the profits that buyers and sellers actually make respectively, PBe and PSe are the theoretical
possible profits available to buyers and seller respectively.
For a market with n agents, some buyers and some sellers, the actual overall profit, Pa, is:




∣vi − pi∣ (2.2)
where pi is the price of a trade made by agent i and vi is the private value of agent i. The theoretical
overall profit, Pe, is:




∣vi − p0∣ (2.3)
for all buyers whose private value is no less than the equilibrium price, p0, and all sellers whose
private value is no greater than p0.
2.3.2 Convergence coefficient
Market efficiency tells us how close the actual overall revenue is to the theoretical overall revenue.
However, it says nothing about how close a market is to trading at the equilibrium price. For
the latter I use the coefficient of convergence α, introduced by Smith [Smith, 1962]. α actually





∑i (pi − p0)2
p0
× 100 (2.4)
where p0 is the equilibrium price.
2.4 Auction theory
As we know that, there are many different kinds of auctions, e.g., English auction, Dutch auction,
first-price auction and Vickrey auction [Vickrey, 1961], etc. Given such a large variety of auction
types, we need some approaches to compare different kinds of auctions. There are some well-known
models that allowing us to do such kind of analysis, which include the independent private values
model, the correlated values model [Milgrom and Weber, 1982], and the almost common values
Chapter 2. Literature Review 10
model [Klemperer, 1998]. Each model makes different assumptions for the analysis, therefore, you
may get different conclusions for different models.
2.4.1 Independent private values model
The Independent private values model is the most thoroughly studied auction model in the existing
auction theory literature. The key assumptions of this model are:
• many buyers bid for a single indivisible object;
• agents are risk neutral;
• each bidder has his\her own valuation for the item, which is not available to the other bidders;
• private values are independently drawn from some continuous distribution.
Some very important conclusions about four main types of auction (English auction, Dutch auction,
first-price sealed-bid auction and second-price sealed-bid auction) can be drawn from this model
[Milgrom and Weber, 1982] and summarised in [Parsons et al., 2011], for example:
• The First-price sealed-bid auction and the Dutch auction are strategically equivalent;
• The Second-price sealed-bid auction and the English auction are equivalent;
• The outcome of the English auction and second-price sealed-bid auction is Pareto optimal;
• All four auctions lead to identical expected revenues for the seller (Ortega-Reichert [Oretga-
Reichert, 1968] and Vickrey [Vickrey, 1962]).
The first conclusion, as Vickrey [Vickrey, 1961] pointed out, in either the Dutch auction or the
first-price sealed-bid auction, is that the bidder has to decide the price that he would like to claim
for the good, the winner is the one who offers the highest. For the second conclusion, since in the
independent private values model, we assume every bidder knows its own valuation of the good,
therefore, in the second-price sealed-bid auction, “truth telling” is a dominant strategy. Similarly,
in the English auction, a bidder can set a limit equal to his\her own valuation, and keep increasing
the bids until the price reaches the limit price. The equilibrium outcomes for English auction
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and second-price sealed-bid auction are the same. The last conclusion given by Vickrey about the
equivalence in expected revenues of different auctions, was later generalized by Myserson [Myserson,
1981] and Riley and Samuelson [Riley and Samuelson, 1981], and formed the revenue equivalence
theorem.
A general description of the revenue equivalence theorem was given by Klemperer [Klemperer, 1999]:
Assume each of a given number of risk-neutral potential buyers has a privately
known valuation independently drawn from a strictly increasing atomless distribution,
and that no buyer wants more than one of the k identical indivisible objects. Then
any mechanism in which (i) the objects always go to the k buyers with the highest
valuations and (ii) any bidder with the lowest feasible valuation expects zero surplus,
yields the same expected revenue (and results in each bidder making the same expected
payment as a function of her valuation).
2.4.2 Other auction models
As I mentioned above, in the independent private values model, each bidder has its own valuation
of the object, and the value will not be affected by another bidder’s signal. However, in the pure
common-value model [Milgrom and Weber, 1982], the actual value of the object are the same
for everyone, but bidders have different private information about the value of the object, and
they will change their value estimation by learning from another bidder’s signal. Therefore, the
winner will be the one who values the object the most. This highest estimate, in most of cases,
turns out to be an overestimate of the actual value. This is called the winner’s curse. Milgrom
[Milgrom, 1989] pointed out that if bidders know that the highest valuation usually turns out to be
an overestimation of the true value, then all bidders will share their bids, a first-price auction may
have a lower highest bid than a second-price auction where the winner’s curse is not a problem.
A more general auction model for risk-neutral bidders was developed by Milgrom and Weber [Mil-
grom and Weber, 1982], called the correlated-value model. In this model, bidders’ valuations are
affiliated, which roughly means a high value of one bidder’s estimate will more likely make high
values of others’ estimates. The correlated-value model allows arbitrary relations between bid-
ders’ private information, therefore, includes the independent private values model and the pure
common-value model as special cases.
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In addition to these models, Klemperer [Klemperer, 1998] suggested another model called the
almost common values model. This model is very like the pure common-value model, but introduced
slight asymmetries between bidders. As a result of these asymmetries, bidders will have different
estimates about the object’s value. A bidder with a higher estimate tends to bid a little more
aggressively, bidders with lower estimates may face an increased “winner’s curse”, thus, they will
bid more conservatively, which leads to a reduced winner’s curse for the winner. Therefore, a small
advantage in information can greatly increase a bidder’s probability of winning, and reduce the
winning price.
2.5 Classic work in experimental investigations of double auctions
Among all types of auctions, four standard types of auctions (English auction, Dutch auction, first
price sealed-bid auction and Vickery auction) were first studied by researchers. Researchers consid-
ered auctions as games with incomplete information and applied traditional analytic approached
from game theory on auctions [Vickrey, 1961]. However, the high complexity of some other types
of auctions, especially double auctions, makes it difficult to go further in this direction. Therefore,
researchers started to try some experimental approaches. Starting in 1955, Smith [Smith, 1962] pi-
oneered research in experimental economics, he performed a series of experiments involving human
traders and showed that even with a small number of traders, continuous double auctions (CDA)
can still achieve very high efficiency, respond rapidly to the changing of market conditions and more
importantly, CDA markets can rapidly converge to the competitive equilibrium.
In his experiments, a group of the human subjects was divided into two subgroups, a group of
buyers and a group of sellers. Each trader received a limit price (a.k.a., private value), which is the
maximum price a buyer is willing to pay for the item or the minimum price a seller is willing to sell
the item. Each experiment contains a sequence of distinct trading periods (“days”), and the supply
and demand will remain constant over all trading periods, which gives the traders an opportunity
to establish an equilibrium over time. During each trading period, traders are free to make bids (or
asks) at any time. However, each buyer and seller are allow to trade only one single unit, once the
transaction executed, the corresponding buyer and seller will drop out of the market and are no
longer being permitted to make offers
2
for the remainder of the trading period. Traders’ inventory
2
An offer is the lowest price that a seller is willing to sell at a given time. An offer is also called an ask.
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will be replenished at the reopening of the next trading period, which means they are allowed to
trade again.
Smith considered 10 different scenarios for his experiments, supply and demand curves and the time
series of transaction prices were drawn for each test. In order to measure the convergence of the
transaction prices to the equilibrium price, Smith introduced the “coefficient of convergence”, α, as
seen above [Smith, 1962]. The results showed that even with a small number of traders, continuous
double auctions (CDA) can still achieve very high efficiency, respond rapidly to the changing of
market conditions and more importantly, CDA markets can rapidly converge to the competitive
equilibrium.
Smith’s work provided the benchmark for much of the following work we will consider. However,
experiments with human subject have their limits, e.g., it’s not easy to repeat experiments for many
times. Therefore, researchers later started to consider designing computerized trading agents.
2.6 Designing computerized trading agents
2.6.1 Zero-intelligence agents
With the emergence of the Internet and electronic trading, designing “software agents” attracted
more and more attention from researchers.
Gode and Sunder [Gode and Sunder, 1993b] [Gode and Sunder, 1993a] were among the first to use
“software agents” for the experiments. They introduced two kinds of trading agents, zero intelli-
gence with constraint (ZIC) and zero intelligence unconstrained (ZIU). A ZIC agent will randomly
submit bids or asks subject to the constraint that bids are drawn from a uniform distribution be-
tween the buyer’s private value and a specified lower bound and offers are restricted to the range
between seller’s private value and a specified higher bound, while a ZIU agent simply makes ran-
dom bids or asks, and there are no constraints at all (though the values through the random value
generator clearly places some constraints on the offers generated).
In their experiments, Gode and Sunder chose five sets of supply and demand schedules, they ran
each one with 3 kinds of trader sets, ZIU agents, ZIC agents and human traders, where each set
contains 12 traders, equally divided into two groups: buyers and sellers. Their results showed that,
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in the market with ZIU traders, there is no tendency for transaction prices to converge towards any
particular level. In contrast, in the market with human traders, transaction prices quickly converge
towards the equilibrium price. For market with ZIC traders, there is no signs of learning from
period to period, since traders can not remember or adapt. However, within each trading period,
transaction prices still can slowly converge towards the equilibrium. The volatility of transaction
prices for ZIC traders is greater than those of human market, but less than the volatility of ZIU
market.
Based on these experimental results, Gode and Sunder claimed that, in the double auction, imposing
market discipline on random traders is sufficient to obtain high allocative efficiency, and learning,
intelligence and profit motive is not necessary. Gode and Sunder further considered including a
non-binding price ceiling (an upper bound on admissible bid and ask prices that lies above the
equilibrium price) in scenarios with ZIC traders [Gode and Sunder, 2004], and showed that with
ZIC traders, a price ceiling reduces allocative efficiency.
Their zero-intelligence approach provides a useful benchmark for computerized agent design —
building up agent-based models starting from zero memory and random action choices seems quite
sensible.
Gode and Sunder’s results were then questioned by Cliff [Cliff, 1997], who observed that if supply
and demand are asymmetric, the average transaction prices of ZI traders can vary significantly from
the theoretical equilibrium level. Cliff suggested that minimal intelligence is necessary to account
for convergence to equilibrium. He then introduced the zero intelligence plus (zip) strategy which
tried to embody this minimal intelligence. Each zip agent maintains a profit margin µ, at any given
time t, agent uses this to calculate the shout
3
price p as follows:
p(t) = λ(1+ µ(t))
where λ is the agent’s private value. Therefore, for a seller, the profit margin µ should be in the
range [0,∞). For a buyer, we should have µ ∈ [−1, 0).
The idea behind zip strategy can be described as the following:
3
A shout is the highest price that a buyer is willing to pay or the lowest price a seller is willing to sell at a given
time. Therefore, both a bid and an ask can be called a shout.
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• For a zip buyer: if the last shout was accepted at price q, then any buyer bi for which pi ≥ q
should raise its profit margin. If the last shout was an offer, then any active buyer bi for
which pi ≤ q should lower its profit margin. If the last bid price q was not accepted, then any
active buyer bi for which pi ≤ q should lower its profit margin.
• For a zip seller: if the last shout was accepted at price q, then and seller si for which pi ≤ q
should raise its profit margin. If the last shout was a bid, the any active seller si for which
pi ≥ q should lower its profit margin. If the last offer price q was not accepted, then any
active seller si for which pi ≥ q should lower its profit margin.
Given the above mechanism, a target profit margin is calculated by each agent, and the agent then
uses a machine learning algorithm called Widrow-Hoff with momentum to determine how much the
profit margin is going to move towards this target. Based on the Widrow-Hoff with momentum
rule, the zip agent updates its profit margin according to the following equation:
µ(t + 1) = (p(t) + Γ(t))/λ − 1 (2.5)
Where Γ(t) is the momentum value, it’s calculated as follows:
Γ(t + 1) = γΓ(t) + (1− γ)∆(t) (2.6)
Where γ is the momentum coefficient, and ∆(t) is the Widrow-Hoff delta value, which is given by:
∆(t) = β(τ(t) − p(t)) (2.7)
where τ(t) is the target price at time t. The target price τ(t) is generated using a stochastic
function of the shout price q(t), shown in the following equation:
τ(t) = R(t)q(t)+ A(t) (2.8)
Where R is a random generated coefficient that sets the target price relative to the shout price
q(t), and A(t) is a random small perturbation.
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Figure 2.2: Supply and demand for market where only sellers shout, equilibrium price P0 = 2.25
(Figure 50 from [Cliff, 1997])
Cliff demonstrated that zip agents can readily achieve results that are impossible for ZIC agents
(e.g., they approach equilibrium in “retail markets”, in which only sellers can make offers), and are
closer to human traders. The supply and demand curves and transaction-price time series for a
“retail market” experiment with zip agents are shown in Figure 2.2 and Figure 2.3. The behavior
of zip agents are very like the behavior of human traders in Smith’s experiment, where transaction
prices are high at the beginning, and are then pulled back below the equilibrium price.
Based on Cliff’s zip agent, Preist and van Tol [Preist and van Tol, 1998], in 1998, came up with a
revised version of zip, called the PS agent. Preist and van Tol claimed that for most supply and
demand curves, including rapid shifts in supply or demand, PS agents can converge to equilibrium
more quickly than zip agents. The only exception is for flat supply and demand curves (shown in
Figures 2.4 and 2.5), where zip agents perform better.
2.6.2 Reinforcement learning and belief learning agents
In ZIC/ZIU agent models, agents don’t have memory. However, in the real world, human traders
are intelligent and have memory. Therefore, researchers started to apply reinforcement learning
techniques and belief learning techniques to design computerized agents that had behavior closer
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Figure 2.4: Supply and demand curve with excess demand





Figure 2.5: Supply and demand curve with excess supply
to that of humans. Unlike ZIC/ZIU models, reinforcement-based and belief-based learning models
assume that agents have some memory.
Gjerstad and Dickhaut designed an expected-profit maximizing belief-learning agent commonly
known as GD [Gjerstad and Dickhaut, 1998]. GD agents first calculate a “belief” function based
on the history of bids and asks, and use this function to estimate the probability for an offer at a
given price to be accepted. Since the probabilities given by the “belief” function are only defined
at the shout points within the traders’ memory, a cubic interpolation is then used to extend these
into the space of all shouts. The expected profit is then defined as the product of the probability
at a given price p and the difference between price p and the trader’s private value. GD agents
will then choose the price that can maximize their expected profit. GD agents can converge to the
equilibrium price quickly and have very high allocative efficiencies.
Based on the GD strategy, Tesauro and Bredin [Tesauro and Bredin, 2002] developed another belief
learning agent, called GDX. GDX combined the belief function with a forecast of how it changes
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over time, as an approximate state-transition model in the dynamic programming formulation.
Unlike the GD agent, which optimizes immediate profits, GDX maximizes cumulative long-term
discounted profitability. Tesauro and Bredin introduced a discount parameter γ, so that future
rewards are weighted by γ. When γ → 0, GDX reproduces the GD strategy, whereas γ → 1, GDX
places maximal weight on future profits. Tesauro and Bredin found that with a high value of γ,
GDX can outperform GD and zip under a wide variety of market scenarios.
As an alternative to belief learning methods, Arthur [Arthur, 1991] [Arthur, 1993] started to use
reinforcement learning algorithms to modeling agents. He considered a learning algorithm that
mimics human behavior in a simple individual-choice, n-armed bandit problem
4
. Following this
track, Roth and Erev [Roth and Erev, 1995] made some modifications to Arthur’s model and
developed what is known as the Roth-Erev model, which can be described as following.
At time t = 1, each player i has an initial propensity to play the kth pure strategy, given by
some number qik(1) = S(1). The probability that agent i plays his strategy k at time t is pik =
qik(t)/∑ qij(t), where the sum is over all of player i’s pure strategies j. If player i plays strategy k
at time t and receives a payoff x, let R(x) = x − xmin, where xmin is the smallest possible payoff.
Then the propensity to play strategy j is updated according to the rule:
qij(t + 1) = (1− ϕ)qij(t) + Ek(j,R(x)),
Ek(j,R(x)) = { (1− ǫ)R(x) if j = k,(ǫ/(N − 1))R(x) otherwise.
where, ǫ is an experimentation parameter and ϕ is a forgetting parameter that gradually reduces
the role of past experience. This approach can be used to select bids and asks [Nicolaisen et al.,
2001].
Nicolaisen et. al. [Nicolaisen et al., 2001] later modified original Roth-Erev strategy to address
parameter degeneracy and no probability updating with zero profit response. They argued that
when experimentation parameter ǫ is close to (N − 1)/N , the updating of the choice probabilities
4
The n-armed bandit problem is a problem in which a player faced repeatedly with a choice among n different
options, or actions. After each choice the player receives a numerical reward chosen from a stationary probability
distribution dependent on the action the player selected. The objective is to maximize the expected total reward
over some time period [Sutton and Barto, 1998]
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will be slow, and the updating will be ceased entirely if ǫ is equal to (N − 1)/N . Another issue
of the original Roth-Erev strategy is, when the reward is zero, there are no probability updates,
this can result in a substantial loss of market efficiency. In order to address these two drawbacks,
Nicolaisen et. al. modified the experience function to the following:
Ek(j,R(x)) = { (1 − ǫ)R(x) if j = k,(ǫ/(N − 1))qjk(t) otherwise.
With this change, parameter degeneracy and zero reward learning issues can be fixed.
Schvartzman and Wellman [Schvartzman and Wellman, 2009] later presented another method to
using reinforcement learning to automatically generate new bidding strategies from the empirical
equilibrium environment. They found that the approach can generate strategies that can outper-
form many published CDA bidding strategies, such as zip, GD, and GDX.
The major difference between reinforcement learning agents and belief-learning agents is that re-
inforcement learning agents do not form beliefs about other agents and they don’t even need to
realize that they are playing a game with others, while belief-learning agents will form beliefs about
the likely play of other agents. However, given the success of Schvartzman and Wellman, perhaps
this additional complexity is not necessary.
2.6.3 Other trading agents
In addition to the strategies mentioned above, many other trading strategies have also been pro-
posed. One of them is a sniping strategy called the Kaplan strategy. This was the winner of the
Santa Fe double auction tournament [Rust et al., 1994]. Kaplan agents use a simple strategy which
can be described as: “wait in the background and let others do the negotiating, but when bid and
ask get sufficiently close, jump in and steal the deal” [Rust et al., 1994].
Vytelingum et al. [Vytelingum et al., 2004] introduced a risk-based (RB) trading strategy, which
has a similar bidding method to zip, but which determines the target price τ using a risk factor
r with a rate of change factor θ, and the agent has a learning algorithm to adjust its risk factor.
Vytelingum et al. found that, in heterogeneous scenarios, that is scenarios in which traders use
several different strategies, when θ = 1, the RB strategy is very effective and can easily outperform
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ZI and zip agents. He et al. [He et al., 2003] employed fuzzy logic to develop a trading strategy. The
strategy can dynamically adjust its bidding behavior to respond to supply and demand changes.
Vytelingum et al. later [Vytelingum, 2006, Vytelingum et al., 2008a] introduced another trading
strategy called the Adaptive Aggressiveness (AA) strategy. The AA strategy contains two compo-
nents, short-term learning and long-term learning. For the short-term learning, the AA strategy
works similarly to the zip strategy, but instead of updating profit margin, the AA strategy updates
the aggressiveness of its bidding behavior. More aggressive means that the agent will trade off
profit for higher chance of transact, while less aggressive means the agent is willing to trade off
the chance of transact for higher profits. For the long-term learning, it’s aiming to find the best
value of θ based on the price volatility. Where θ is a parameter that determines the gradient of the
function determining target prices. With the short-term and long-term learning, the AA strategy
can perform efficiently under a wide range of trading environments. Their results showed that the
AA strategy can outperform zip and GDX for both homogeneous and heterogeneous population.
Deluca and Cliff later [Luca and Cliff, 2011a] also tested the AA strategy against zip, GD, GDX
and human trader, and claimed that “AA may offer the best performance of any published bidding
strategy”.
Besides these, Park et al. [Park et al., 2004] developed another heuristic strategy, dubbed the
p-strategy, which models the dynamics of the CDA stochastically using a Markov Chain, assuming
that the auction behaves as a random process. The Markov Chain model captures the variables
that may influence the agent’s payoffs and the uncertainties associated with them. For instance,
a p-strategy seller may need information such as the number of standing buy and sell offers, the
probability distribution of standing offer prices, the next clearing-price quote, the arrival rates of
buy and sell offers, the probability distribution of buy and seller offer prices, and its own offer price
and cost. Then the p-strategy will use these variables to compute the state transition probabilities
and payoffs for the bid prices. The results showed that the p-strategy can obtain more profits
than other heuristic strategies like ZIC in the CDA in a majority of experiments. In particular,
the p-strategy seller performs well when many buy offers are available. Finally, Vach [Vach, 2015]
applied Oja’s rule to zip strategy and developed the ZIPOJA strategy. He also compared ZIPOJA
with zip, GDX and AA strategy. Although ZIPOJA strategy cannot outperform zip, GDX and AA
strategies with the same parameter set as the zip strategy, with parameter optimization, ZIPOJA
might have space to improve.
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2.6.4 Trading strategy analysis
As more and more kinds of trading agents have become available. Researchers have started to
make comparisons between human traders and software agents and also between different kinds of
software agents.
Das et al. did a series of experiments in the continuous double auction involving human traders,
modified GD agents and zip agents [Das et al., 2001]. They found that, in all experiments, the
total gains obtained by software agents (zip agents and GD agents) was on average around 20%
more than those of their human counterparts. This maybe because software agents have ability to
react much faster to market events.
Tesauro and Das also ran experiments between software agents [Tesauro and Das, 2001b] [Tesauro
and Das, 2001a]. They did tests for both homogeneous populations and heterogeneous populations.
In the heterogeneous populations, two different types of populations were studied:
• “one-in-many” tests - where one agent of one type competes against several other agents of
another type;
• “balanced-group” tests - where buyers and sellers are evenly split between two different types.
In all tests, five kinds of trading strategies are considered. These are ZI, Kaplan, zip (a modified
version
5
), GD and MGD (a modified version of GD
6
). Results of homogeneous and heteroge-
neous tests show that, GD and zip consistently perform well, and MGD outperforms all other four
strategies in most of cases.
Building on this, Walsh et al. [Walsh et al., 2001] introduced an approximation technique —
heuristic strategy approximation (also known as empirical game theory) — for analyzing complex
strategic interactions based on high-level, heuristic strategies. Heuristic strategies such as zip and
GD were treated as if they were pure strategies in a normal form game, and a heuristic payoff table
5
With the modified version of zip, Tesauro and Das used an array of profit margins mj to make it more suitable
for multiple unit scenarios, they also used larger initial margins than original zip, and if a certain amount of time
passed without a trade occurring, they let the agent adjust margins and prices of units that have not yet traded to
beat the best current open bid or ask.
6
With the MGD, Tesauro and Das let the agents to remember the highest trade price and the lowest trade price
from the previous period to reduce volatility in homogeneous GD scenarios, and they also modified the belief function
calculation to enable agents to make higher potential profits bids or asks.
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Figure 2.6: Replicator dynamics for zip, Kaplan and GD strategies in CDA. (Figure 2(a) from
[Walsh et al., 2001])
was computed, which specifies the expected payoff to each agent as a function of the strategies
played by all the agents. Given the payoff table, a replicator dynamics is then used to model the
evolution of population vectors of strategy shares and determine the equilibria. As shown in Figure
2.6, at any point, a trajectory will head to a near point that contains largest potion of the strategy
which has highest expected payoffs. When strategy trajectories converge to an equilibrium, the
equilibrium is then an attractor. As in Figure 2.6, points A, B and C are the Nash equilibria, and
A and C are attractors. A perturbation technique can also be used to analyze how an improving
of one strategy relative to the others affect the equilibria and dynamics.
Phelps et al. [Phelps et al., 2005] further used this technique to analyze the TT, RE and GD
strategies in both continuous double auction (CDA) and clearing house auction (CH). The original
replicator dynamics direction field is shown in Figure 2.7. As we can see, one equilibrium is pure
GD strategy with a very large basin of attraction. Phelps et al. then used perturbation to test the
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Figure 2.7: Replicator dynamics for TT, RE and GD strategies in CH. (Figure 1 from [Phelps
et al., 2005])
stability of this result, they removed 2.5% payoffs from TT and GD strategies and assigned +5%
payoffs to the RE strategy. Results are shown in Figure 2.8. Now RE strategy becomes a best-
response to itself with a large basin of attraction, which means RE strategy could be a candidate
for potential strategy optimization.
Besides Walsh and Phelps, Wellman et. al. also used empirical game theory analysis in many
areas. In [Jordan et al., 2007] they used it to analyze trading strategies that were used in 2005 and
2006 TAC Supply Chain Competitions. And in [Wah and Wellman, 2015], they first used empirical
game theory analysis to find the equilibria for 13 trading strategies without market makers and
for 13 trading strategies with 8 market maker strategies. After finding those equilibria, they then
compared the outcomes in equilibrium between markets without market makers and markets with
market makers. Wellman et. al. also used empirical game theory analysis to optimize clearing
interval for call markets
7
[Brinkman and Wellman, 2017].
7
In a call market, “orders are accumulated (or batched) over specified time intervals, with matches determined
only at the end of each interval.” [Brinkman and Wellman, 2017]
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Figure 2.8: Replicator dynamics for TT, RE and GD strategies in CH with +5% payoffs to RE
strategy. (Figure 2 from [Phelps et al., 2005])
2.6.5 Strategy optimization
As mentioned above, heuristic strategy analysis can be used to show how an improvement of a
strategy can affect its performance against other strategies. However, heuristic strategy analysis
cannot on its own generate new strategies or rules, it can only alter the likelihoods of adoption of
strategies and rules existing at the start of the simulation. In contrast, genetic algorithms provides
us a way to optimize a strategy by exploring its parameter space.
Cliff [Cliff, 2001] first used GA to search the eight control parameters’ space of original zip, which
is what he called zip8, and showed that it can produce results superior to the original zip. Then
he further extended the parameter space to 60-dimensions [Cliff, 2006], and used a GA to do the
evolutionary optimization. The new variant is called zip60. Cliff showed that the optimized zip60
can outperform the zip8 by over 10%.
Phelps et al. [Phelps et al., 2005] [Phelps et al., 2006] [Phelps et al., 2010] also used GAs to evolve an
optimized strategy called OS, which is a variant of RE. It was demonstrated that it could perform
remarkably well against GD and the original RE algorithm. Therefore, by combining heuristic
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strategy analysis together with genetic algorithms, we can have an effective way to automatically
evolve an optimized trading strategy.
To summarise, in recent years, designing computerized automated trading agents has become an
important topic for computer scientists. And the emergence of high-speed computation created
a good opportunity for implementing more sophisticated strategies, which also gives computer
automation a great potential in designing more efficient agents. In addition, game-theoretic analysis
also offers a promising approach for systematic investigation of agent strategies.
2.7 Auction mechanism design
The work on trading agents is only one facet of the research on auctions. Smith’s results [Smith,
1962] show that even with a small number of traders, a continuous double auction still can achieve
very high efficiency and respond rapidly to the changing of market conditions. As noted above,
Gode and Sunder [Gode and Sunder, 1993a] also claimed that, in a double auction, imposing
market discipline on random traders is sufficient to obtain high allocative efficiency. Both results
suggest that the auction mechanism itself plays an important role in obtaining better outcomes of
an auction.
Wurman et al. [Wurman et al., 2001] [Wurman et al., July 2002] captured the essential similarities
and differences of many auction mechanisms and parameterized the auction design space. They
organized the auction design space and recognized three core activities:
• Bidding rules — “which determine under what conditions bids may be introduced, modified,
or withdrawn, as a function of agent identity, current bid status, or even the entire auction
history.”
• Information rules — which use to control the timing and content of price quotes.
• Clearing rules — which control how and when a transaction is determined.
The work of Wurman et al. provides a standard way to describe auction rules, which provides an
easy way to explore the design space and makes automated market design become possible [Phelps
et al., 2002a] [Phelps et al., 2002b]. If the design criteria are clearly defined, some of the recent
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techniques of simulation and optimization developed by computer scientists and computational
economists can be used to search for optimal designs.
Cliff, in [Cliff, 2002, 2003, HPL-2002-128], used genetic algorithms to evolve markets together with
trading agents. In order to explore the auction space, a parameter Qs was introduced, which is the
probability that a seller makes an offer at any one time-slice. Therefore, in an English auction we
have Qs = 0.0, because it is always the buyers that make the offers, in an Dutch auction we have
Qs = 1.0, because it is always the seller that makes the offers, and for a continuous double auction
we have Qs = 0.5. In Cliff’s work, the genome contains nine parameters, the first eight parameters
are used to control the trading agents and the last one is Qs. A weighted average of Smith’s α was
used as the fitness function. Cliff found that in some market situations non-CDA hybrid two-sided
auctions are more efficient than any human-designed market mechanism.
Walia et al. [Walia et al., 2003] further investigated the hybrid variants of the CDA. They used
a self-adaptive Evolutionary Strategy (ES) to explore the possible parameter (Qs) space. Instead
of using Smith’s α as a measure of market fitness and the zip agents, Walia et al. used allocative
efficiency and evaluated markets using the ZIC agents to determine whether hybrid CDAs have
potential for wide application. Their results show that hybrid variants of the CDA are superior to
traditional variants for many of their test cases.
Phelps et al. also worked on evolutionary mechanism design. Phelps et al. in [Phelps et al., 2002a]
viewed the market as the outcome of some evolutionary process, and tried to co-evolve the buyers,
the sellers and the auctioneer. They applied genetic programming to develop the auction pricing
rules for double auctions.
The work mentioned above mainly emphasized double auctions, but some researchers also interested
in evolving single sided auctions. Byde [Byde, 2002] applied genetic algorithms to explore the space
of auction mechanism that includes the first-price auction and the second-price auction. Byde
defined the w-price auction as the following:
Let w = (w1, ..., wn) be a vector of n real numbers. A w-price auction is a sealed
bid auction in which the highest bidder wins the good, and pays
∑Nj=1wjbidj
∑Nj=1wj
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where N is the minimum of n and the number of bidders and bid1, bid2, ... are the bids,
ordered highest to lowest.
Byde examined a one-dimensional sub-space of w-price auctions, those of types w = (1 − w2, w2).
In this space, w2 = 0 corresponds to a standard first-price auction, and w2 = 1 corresponds to a
standard second-price auction. Byde allowed group size, risk preference, correlated bidders’ signals
and the degree of commonality in values to be altered. The results show that under different
conditions (different group size, risk preference and correlation of signals), different w2 values are
needed to maximize revenues.
The work mentioned above was mainly focused on single market, however, in the real world, many
markets do not operate in isolation. Instead, individual markets tend to link together and form a
larger “network market”. Therefore, studying how network structures influence market’s economic
behavior is also of great interest.
2.8 Network topology
2.8.1 Computational system design
As I mentioned in Chapter 1, mechanism design aims to design good mechanisms or institutions to
solve problems with multiple self-interested agents with private information about their preferences.
With the growth of the Internet, as Nisan et. al. pointed out [Nisan, 1999, 2007, Nisan and Ronen,
1999], in a distributed setting, self-interested agents could be individuals or organizations over
the Internet, we cannot simply assume they follow the correct algorithm but rather their own
interest. Individuals’ preferences and behaviors should also be taken into account when we design
protocols/mechanisms in such environments. This in turn raises the computation challenges of the
design problem, which leads to a new field called Algorithmic Mechanism Design.
Nisan et. al. were among the first who studied the algorithmic mechanism design problems. In their
works [Nisan, 1999, Nisan and Ronen, 1999], they provided a framework for studying optimization
problems that involve selfish agents. Nisan et. al. also discussed how to design algorithms such that
truthfully disclose an agent’s type becomes a dominant strategy. They suggested that algorithms
that use appropriate compensation and bonus could help to obtain truthful information from selfish
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agents. Besides these works, Babaioff and Nisan further extended the algorithmic mechanism design
problem to some other areas like design supply chain protocols [Babaioff and Nisan, 2001]. They
introduced two protocols, the symmetric protocol and the pivot protocol using double auction rules.





full efficiency with budget deficit.
On the other hand, in a computer system involving multiple agents, if we have a ‘centralized
solution’ to tell each agent what to do, we might be able to achieve the highest efficiency. However,
‘centralized solutions’ have their own shortcomings, it’s not scalable, and as Halpern [Halpern,
2007] pointed out, it’s more vulnerable to failure. Therefore, a ‘decentralized solution’ could be
another choice. In a ‘decentralized solution’, each agent could determine its own behavior based on
its own interests. For example, in a transportation problem, for the ‘decentralized solution’, each
agent can choose its own route to minimize its travel time. However, letting each agent optimize
its own interest may cause some efficiency loss. Koutsoupias and Papadimitriou [Koutsoupias and
Papadimitriou, 1999] introduced the price of anarchy to measure this efficiency loss. The price
of anarchy is the ratio between the outcome of the ‘centralized solution’ and the outcome of the
worst-case Nash equilibrium. Works related to the price of anarchy includes [Roughgarden, 2002],
[Youn et al., 2008], [Zhang et al., 2016] etc.
Besides the works mentioned above, Huberman and Hogg [Huberman and Hogg, 1995] also worked
on designing computational ecosystems. They implemented a system called ‘Spawn’. In Spawn,
each task has certain amount of budget can bid for the use of machines on the network. On the other
hand, each computer can run their own auctions and can decide whether to accept a particular bid
individually. Therefore, ‘Spawn’ is a decentralized system, so it does not require information like
prices to be gathered from all over the network. For a large network, things like communication,
information gathering etc. is costly. This means, ‘Spawn’ is more suitable for large scale networks.
2.8.2 Typical network structures
Besides work on computational system design, over the last few decades, with the development
of networks and network theory, studies of network effects also have attracted some researchers’
8
individual rationality - Every agent has a strategy which ensures a non-negative utility, so agents participate
voluntarily (Ex-Post individual rationality) [Babaioff and Nisan, 2001]
9
incentive compatibility - The double auction rules motivate self-interested agents (the manufacturers and con-
sumers) to reveal their costs / values truthfully [Babaioff and Nisan, 2001]




Figure 2.9: Some typical network structures.
attention. Instead of network markets, trader networks (each trader occupies a node of a network)
were the first to be studied.
So far, studies mainly focus on a small set of networks, which are: the fully-connected network
(complete network), the star network, the chain network, the ring network, the small-world net-
work, and the scale-free network (power network), as shown in Figure 2.9. These networks can be
described as following:
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• The fully-connected network (complete network) - in which each node is connected to every
other node.
• The star network - in which one node is connected to every other node, and there is no other
connections between nodes.
• The chain network - where all but two nodes are connected to two other nodes. The remaining
pair form the ends of the chain and are connected to exactly one node.
• The ring network - where each node is connected to k neighbors, half of which located to its
left and half to its right.
• The small-world network - As mentioned by Wilhite ([Wilhite, 2006a]), Watts and Strogatz
[Watts and Strogatz, 1998] identified a small-world network that lies somewhere between a
ring network and a random network. They presented the small-world network that can be
constructed by randomly rewiring each edge of a k-ring network with some probability p.
Watts also showed in [Watts, 1999] that for small value of p, small-world characteristics like
short path-lengths between clusters begin to emerge.
• The scale-free network (power network) - this network has a degree distribution that follows
a power law. That is, the fraction p(k) of nodes in the network having k connections to other
nodes goes for large values of k as:
p(k) ∼ ck−γ (2.9)
where c is a constant and γ is a constant whose value is typically in the range 2 < γ < 3.
2.8.3 Network effects
Given so many kinds of network structures, researchers started to wonder if traders are connected
as a trader network, and only linked traders are allow to trade with each other, how does the
topology of the resulting trader network affect the market performance?
Bell [Bell, 1998], in 1998, examined the effects of different network structures on the market behavior
and outcomes, in particular, the speed of convergence to an economy equilibrium. In his experiment,
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the star network, the ring network, the crystal network
10
, the hub network
11
and the random
network are considered, where each node of the network stands for a trading agent. He found that
the speed of convergence is closely related to the degree of centralization of the network. Centralized
networks tend to converge faster and are less prone to spatial anomalies in local prices.
In the trading scenario, Wilhite [Wilhite, 2001] compared the global network (complete network),
the local disconnected network, the local connected network (certain type of ring network) and the
small-world network, measuring both the speed of convergence and the search and negotiation costs
for each network (again, each trader occupies a node of a network). He found that, the small-world
network, although it is not centralized, can still achieve rapid convergence speed with less search
and negotiation costs than the complete network.
After that, Wilhite in [Wilhite, 2006a] considered more networks, including the complete network,
the star network, the ring network, the grid network, the tree network, the small-world network
and the power network. The results showed that the small-world network and the power network
can quickly converge to the equilibrium price with less search costs than other topology.
2.8.4 Network formation
The work discussed in the previous section considered the network to be fixed. However, in reality,
people may build up or reorganize their network connections based on their own interests, which
means agents’ decisions may have effects on the network attributes. Therefore, questions like how
agents manage their connectivity and how this affects the attributes of a network are also of great
interest.
Vriend is one of the pioneers of the study of the self-organization of markets. In his work [Vriend,
1995], a seller produces a certain number of items each day and sends information signals to buyers.
Both production and signals are costly. A buyer each day can choose to continue trade with the
current seller or change to another seller who sent a signal to him, each buyer is allowed to buy
one item per day. Sellers use a genetic algorithm to explore the (production, signal)-space, while
10
The crystal network is generated by adding agents to the network once a time with an equal probability of
connecting to any agent already in the network.
11
The hub network is generated from an initial ring network (5-8 agents) with all subsequent agents being connected
to one of the agents on the hub.
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buyers use a set of rules to decide which seller to trade with. Results showed that all traders can
quickly learn a reasonable behavior, that leads to high efficiency and good profit to the sellers.
Kranton and Minehart [Kranton and Minehart, 2001] let buyers and sellers act non-cooperatively
in their own self-interest, and establish links to build the network. They found that traders acting
strategically in their own self-interests can form an efficient network structure, which can maximize
overall welfare.
In a slightly different scenario Gaston and desJardins [Gaston and desJardins, 2005] tried to allow
agents to manage their local network connectivity by rewiring the links. Each agent was assigned a
single fixed skill, and tasks are introduced at task introduction intervals. A valid team was formed
when agents in the connected subgraph contain the skill requirements to fulfill a given task. Two
agent adaptation strategies were considered, structure-based adaptation strategy and performance-
based adaptation strategy. They found that both adaptation strategies can lead to more efficient
network structures, and interestingly, they both led to a similar hub like network structure with
short average path length.
2.9 Transfer learning
Recently, transfer learning has been applied to reinforcement learning to improve learning perfor-
mance. The idea of transfer learning is that the experience gained in previous learning tasks can be
transferred to help improve the learning performance of related tasks. As Taylor and Stone [Taylor
and Stone, 2009] pointed out, with transfer learning, we may have the following benefits:
• Jump Start - The initial performance of an agent may be improved via transfer.
• Asymptotic Performance - The final learned performance of an agent maybe improved.
• Overall Gain - Compared to learning without transfer, the accumulated rewards earned by
an agent may be improved.
• Learning Time - The learning time for an agent to achieve a certain performance level may
be shortened.
Chapter 2. Literature Review 34
For example, Selfridge et al. [Selfridge et al., 1985] applied transfer learning to reinforcement
learning to solve the 1-D pole balancing problem. The problem is to keep a pole balanced on a
moving cart. They first trained the learner with some easier tasks (lighter and longer pole), then
used the previous solution as the starting point for hard tasks (heavier and shorter pole). They
found that, by transferring the previous knowledge, the system performs more efficiently (fewer
number of failures) and learns faster than starting from scratch.
Sharma et al. [Sharma et al., 2007] used a hybrid Case-Based Reasoning (CBR) and Reinforcement
Learning (RL) approach for transfer learning in Real-Time Strategy (RTS) games. Case-Based Rea-
soning provides an approach to solve new problems based on the solution of similar past problems.
They combined case-based reasoning with reinforcement learning, using CBR as an instance-based
state function approximator for RL, and RL as a temporal-difference based revision algorithm
for CBR. Sharma et al. found that, the new hybrid CARL agents can have better overall per-
formance (with jump start, better asymptotic performance and higher overall gain) than those
without knowledge transferred.
Yin and Pan [Yin and Pan, 2017] studied the knowledge transferring from multiple reinforcement
learning policies into one multi-task policy via distillation technique (a.k.a. policy distillation).
They proposed a new multi-task policy distillation architecture, which adopts task-specific convo-
lutional features as inputs to construct the multi-task network. Yin and Pan found that, by doing
this, they can not only reduce the overall training time and provide better tolerance towards neg-
ative transfer. Besides this, Yin and Pan also proposed hierarchical prioritized experience replay,
which significantly accelerates the overall learning speed.
Besides these, there are also works about frameworks of applying transfer learning to reinforcement
learning, including Zhan and Taylor’s work [Zhan and Taylor, 2015] about online transfer learning
framework and da Silva et. al.’s work [da Silva and Costa, 2016] about transfer learning framework.
2.10 Summary
The work discussed in this chapter mainly focused on individual market or trader networks, since
network markets and the interactions between markets has not been widely studied as yet. In
particular, there has been no systematic study of the use of automated traders in multiple connected,
competing markets, though a number of different scenarios have been investigated. However, as
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I mentioned previously, in the real world, many markets do not operate in isolation. Multiple
connected markets usually compete against each other trading the same goods. For instance,
company stock is frequently listed on several stock exchanges. US companies maybe listed on
both the NYSE, NASDAQ and, in the case of larger firms, non-US markets like the London Stock
Exchange (lse). So, it is interesting to find out whether we can use machine learning techniques
to help optimize the performance of the network market by using only local information. This
work will focus on using transfer learning to optimize the network market performance. I will first
describe the experiment model, the software platform and the learning techniques that I’m going
to use in the next chapter.
Chapter 3
Methodology
In this chapter, I am going to discuss the model, the software and the learning methods that I used
for this work. This chapter is constructed as follows. In Section 3.1, I will describe the model that
I used. In Section 3.2, I will introduce the software that I used for my experiments. In Section 3.3
and 3.4, I am going to discuss the two learning methods that I used for this work.
3.1 Model
As I mentioned in Chapter 2, there is already some work [Bell, 1998, Wilhite, 2001, 2006a] that
started to study trader networks, in which each trader occupies a node of a network, and only
connected traders are allowed to trade with each other. On the other hand, individual markets
can also link together into larger “network markets”, in which each market occupies a node in
the network. The key difference in this thesis, then, is that I am studying networks of markets
whereas most prior work has studied networks of traders, all of which could be considered in a
single, complexly structured, market. We know that, in the real world, many markets do not
operate alone, for example, many basic products, including gas [McCabe et al., 1990], water, and
electricity, are traded in such markets — the products proceed through a series of transactions at
different locations from producer to final consumer, and the need to convey the product through
a complex transportation network provides the constraints. Also, company stock can be listed on
several stock exchanges creating another kind of network markets where the links between markets
are created not by the product (through the production process) but through the actions of traders
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in selecting which markets to trade in. For example, US companies may be listed on both the NYSE,
NASDAQ or even non-US markets like the London Stock Exchange (lse). Indian companies, for
example, can be listed on both the National Stock Exchange (nse) and the Bombay Stock Exchange
(bse) [Shah and Thomas, 2000]. Until their merger in 2008, many commodities could be traded
on both the Chicago Mercantile exchange (cme) and the New York Mercantile Exchange. Such
multiple markets for the same goods have a complex dynamics. Studying them as network markets
can help reveal this dynamics.
Another real world network market example is that of labor markets. Labor markets may be local or
national (even international) in their scope and are made up of smaller, interacting labor markets
for different qualifications, skills, and geographical locations. They depend on the exchange of
information between employers and job seekers about wage rates, conditions of employment, level
of competition, and job location [Labor market]. Connections between the markets reflect the
limitations to the job seekers and the employers, a connection could mean a road between two
towns. So individual markets connect to other markets and form a big network market.
Our model is most similar in structure to that of the labor market scenario. In our model, we
have multiple markets running in parallel, and individual markets are linked together to form a
larger network market. As shown in Figure 3.1, each node of the network denotes a market. At the
beginning of each experiment, traders are randomly distributed (picked from a uniform distribution)
over the network market. Traders have chances to trade over a span of multiple trading days. At
the end of each trading day, traders can move between markets as long as there is a link between
two markets. Each trader has its own trading strategy and market selection strategy. Traders use
their trading strategy to trade goods and use their market selection strategy to determine which
market they would like to enter for the next trading day.
In order to simplify our model, we assume all markets are trading for the same kind of good. And
we further assume that no trader can both buy and sell in the same experiment. On any given day,
each seller is given some number of indivisible goods that they are allowed to exchange for money,
and is given a value for each good — the trader’s limit price or private value. A trader’s private
value for the good will remain the same for each run of an experiment, that means a trader will not
change her/his valuation of a good during any trading period. A typical restriction, which we adopt,
is that no seller may sell a good for less than its private value. Buyers have a similar private value
for a number of goods, but rather than goods, they are given an allocation of money which they may
exchange for goods. No buyer is permitted to pay more than its private value for any good. This is








Figure 3.1: An example of network markets
the Independent private values model that mentioned in Section 2.4. As mention in Section 2.4, the
Independent private values model is the most thoroughly studied auction model ([Klemperer, 1999,
Myserson, 1981, Riley and Samuelson, 1981, Vickrey, 1961]). As stated in the revenue equivalence
theorem ([Klemperer, 1999]), with the independent private values model, if no buyer wants more
than one of the k identical indivisible objects, then any mechanism in which the objects always
go to the k buyers with the highest valuations and any bidder with the lowest feasible valuation
expects zero surplus, yields the same expected revenue. There are lots of existing experimental
work using this model, including [Smith, 1962], and the work on computational models of trading
agent which we have previously cited: [Gode and Sunder, 1993b], [Cliff, 1997] and [Gjerstad and
Dickhaut, 1998], etc. Each day sellers bring to market the same goods, and these goods cost the
same to produce. Each day, buyers look to buy the same goods at the same price. These conditions
are what [Smith, 1962] calls “conditions of normal supply and demand”, the conditions in which
the market is at equilibrium. Days are not identical however because traders may be aware of what
happened on the previous day and thus may learn over the course of several days the optimal way
to trade. Each day is further broken up into a series of rounds. A round is an opportunity for
traders to make offers (shouts) to buy or sell.
In a market like a stock market, traders can submit different kinds of orders, like limit orders,
market orders or other conditional orders like stop orders. According to the U.S. Securities and
exchange commission [U.S. Securities and exchange commission], “a limit order is an order to buy
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or sell a stock at a specific price or better.” This gives the trader control over the price at which
the trade is executed. “A market order is an order to buy or sell a stock at the best available
price.” As long as there are willing sellers and buyers, market orders are filled. “A stop order, also
referred to as a stop-loss order, is an order to buy or sell a stock once the price of the stock reaches
a specified price, known as the stop price. When the stop price is reached, a stop order becomes a
market order.” However, in our model, since no buyer is permitted to pay more than the private
value for any good and no seller can sell a good for less than its private value, therefore, we only
allow trader to use limit order.
3.2 Software
3.2.1 Auction mechanism design competition
My research into multiple competing markets arose through my involvement in the organization
of the TAC Market Design Competition, or the CAT Tournament (also known as TAC CAT
1
),
an annual event that was held from 2007 through 2011. In these competitions, participants each
designed and operated an electronic, double-auction market. These markets then traded the same
type of goods and competed for traders and profit. Some initial results on such competing markets
were presented in [Miller and Niu, 2012, Niu et al., 2007, 2008d].
The objective of the CAT Competition was to encourage research in the design and application
of computational market mechanisms, particularly mechanisms robust to and/or able to adapt
automatically to changing environmental conditions. Since the competition appeared, much re-
search work has been done on related topics, including work on designing effective markets [Honari
et al., 2009, Niu et al., 2010, Petric et al., 2008, Stavrogiannis and Mitkas, 2009, Vytelingum et al.,
2008b], on analyzing the entries of competitions [Niu et al., 2008b,c] and on overviewing the CAT
Competitions [Miller et al., 2018].
Based on the classification given by Wurman et al. Wurman et al. [2001] Wurman et al. [July
2002], in the CAT Competition, markets are allowed to operate their own exchange market by
implementing different policies, including a charging policy and some market rules (matching policy,
quote policy, shout accepting policy and pricing policy), which are described as following:
1
CAT is not only the reverse of TAC, reflecting the fact that it was the reverse of other TAC competitions, being
about designs on markets not traders, but also refers to catallactics, the science of exchanges.
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• Charging Policy This policy sets the fees which are charged to traders and other markets
who wish to use the services provided by the market. Each market is free to set the level of
different charges (from zero up). There are the following:
– Registration fees - which are fees charged for registering with a market;
– Information fees - which are fees charged for receiving market information from a market;
– Shout fees - which are fees charged for successfully placing shouts (bids and asks);
– Transaction fees - which are fees charged for a successful transaction;
– Profit fees - which are charges made by the market on the bid/ask spread of any trans-
actions they execute.
We know that, in reality, most of markets are not free markets, rather markets charge differ
kind of fees. In general, there are three types of charge models, which are charges based
on subscription, shout or transaction. Fees charged for registering or market information
(Registration fees and Information fees) belong to the subscription type of charges. Shout
fees belongs to shout type of charge. And Fees charged based on a successful transaction
(Transaction fees and Profit fees) are transaction type of charges. A subscription or shout
type of charge may cause a trader to lose money if a trader unable to make transactions in a
market, while a transaction type of charge won’t.
• Clearing (Matching) Policy This policy determines how a market matches bids and asks.
• Quote Policy This policy determines the quotes issued by markets. Bid quote and ask quote
are two typical type of quotes. Bid quote can be used to specify the lower bound of asks,
while ask quote can be used to specify the upper bound for asks.
• Shout Accepting Policy This policy determines which shouts are accepted. A market has the
option to reject shouts which do not conform to the market’s policy.
• Pricing Policy This policy determines the transaction price of a matched bid and ask. The
most common approach is to set the price half way between the bid and ask.
Given these polices, markets can have adaptive strategies such that the polices change during the
course of a game in response to market conditions.
The goals of entrants to the Tournament were:
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• To design the market rules for effectively matching buyers and sellers given a dynamic set of
traders;
• To compete against other markets by attracting traders to your own market;
• To maximize profits by setting appropriate commission fees.
The winner of the Tournament is decided on the basis of multiple criteria, including profits, market
share and transaction volume.
3.2.2 JCAT
The CAT Tournament operated on a client-server basis with the server running a software platform
called jcat [Niu et al., 2008a]. This software platform was developed by a combined team from
CUNY (Simon Parsons, Elizabeth Sklar, Jinzhong Niu and the author), University of Liverpool
(Peter McBurney and Steve Phelps) and University of Southampton (Enrico Gerding). My role
was as one of the developers. jcat was built on the JASA (Java Auction Simulator API) double
auction simulation platform developed originally at the University of Liverpool by Steve Phelps.
As shown in Figure 3.2, JCAT consists of a CAT server, a set of markets and a set of traders. In
JCAT, the CAT server works as a communication hub. Markets and traders communicate with
each other via the server — the server takes traders’ requests, including registering with a market,
placing and modifying shouts, and forwards them to markets. On the other hand, markets notify
the server of matching shouts and, via the server, inform traders. The behaviors of the CAT server
and CAT clients (markets and traders) are regulated by the CAT Protocol CATP [Niu, 2007].
jcat provides the ability to run multiple double auction markets populated by traders that use a
variety of trading strategies. The setups in jcat are similar to the setups of our model (discussed
in Section 3.1). Auctions in jcat follow the usual pattern for work on automated trading agents,
running for a number of trading days, with each day being broken up into a series of rounds. A
round is an opportunity for agents to make offers (shouts) to buy or sell, and we distinguish different
days because at the beginning of a day, agents have their inventories replenished. As a result, every
buyer can buy goods every day, and every seller can sell every day. Days are not identical because
agents are aware of what happened on the previous day. Thus it is possible for traders to learn,
over the course of several days, the optimal way to trade. In addition, jcat allows traders to move
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Figure 3.2: JCAT topology (Originally from [Niu et al., 2008a])
between markets at the end of a day, and over the course of many days they learn which market
they perform best in.
In jcat there are no restrictions on the movement of traders. In other words, any trader can choose
to trade in any market on any given day no matter which market it was previously traded in. We
can think of this as modeling a fully connected network of markets. To study network effects, I
extended jcat to restrict the movement of traders. In particular, this extension makes it possible
to specify which markets a given market is connected to. At the end of every day that a trader
spends in that market, the trader has a choice of remaining in that market or moving to any of the
markets to which there are connections. The decision mechanism employed by the traders to make
this choice will be discussed below.
3.3 Reinforcement learning
We would like to find out how we can optimize performance by varying the things that a network
market designer could control in a network market — the distribution of traders and the connection
between markets. Therefore, I’ll use some learning approaches to help optimize the distributed
system using only local information to a trader. In particular, I will use reinforcement learning:
“Reinforcement learning is a computational approach to understanding and au-
tomating goal directed learning and decision-making. It is distinguished from other
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computational approaches by its emphasis on learning by the individual from direct
interaction with its environment, without relying on exemplary supervision or complete
models of the environment.” [Sutton and Barto, 1998]
where feedback from the environment is the profit traders obtain by trading in a specific market.
For example, a trader’s market selection strategy may keep tracking the profits earned from each
market from the past, and use that information to learn which market may provide the most
profits. So at the beginning of each trading day, the trader can switch to the market that has the
most profit potential based on the estimation of its market selection strategy. Two reinforcement
learning methods I am going to use are the ǫ-greedy method and the softmax action selection
method [Sutton and Barto, 1998]. These are two reinforcement learning methods for solving the
n-armed bandit problem, which means traders will treat the choice of market as an n-armed bandit
problem.
3.3.1 ǫ-greedy method
In order to make action selection decisions, the ǫ-greedy method first estimates the value of each
action a. Suppose the estimated value of action a after t plays is Qt(a), and action a has been
chosen ka time, then the estimated value of action a is:
Qt(a) = { (r1 + r2 + ... + rka)/ka if ka ≠ 0,
some default value otherwise.
where ri is the rewards of action a for the ith time.
The greedy action selection method is to choose the action with the highest estimated value, which
means choosing the action a
∗
t that satisfies Qt−1(a∗t ) = maxaQt−1(a). However, since this method
doesn’t explore the whole possible action space, some better solutions may be missed. Therefore,
the ǫ-greedy exploration policy introduced a parameter ǫ to control the exploration probability.
The policy will choose the optimal action with probability 1 − ǫ, and for some ǫ, it will randomly
select an action.
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3.3.2 Softmax action selection
Although the ǫ-greedy method is able to explore all actions, it still has one drawback. Since during
exploring, the possibilities of an action being chosen by the policy are equal among all actions, if
there are some really bad actions, these will still be chosen sometimes and then the performance of
the ǫ-greedy method may be unsatisfactory. Therefore, the softmax action selection method tries
to weight different actions according to their estimated values. The most common softmax method
uses a Gibbs or Boltzmann distribution. The probability of choosing action a for the tth play is
given by:
pt(a) = eQt−1(a)/τ∑b eQt−1(b)/τ
where τ is a positive parameter (a.k.a. the temperature) used to control the difference between dif-
ferent probabilities. When τ → 0, the softmax action selection method reproduces the greedy action
selection method while higher temperature values will lower the difference between probabilities.
3.4 Transfer learning
As mentioned in Chapter 2, transfer learning can be applied to reinforcement learning to improve
learning performance, with transfer learning, we may have the following benefits:
• Jump Start - The initial performance of an agent may be improved via transfer.
• Asymptotic Performance - The final learned performance of an agent maybe improved.
• Overall Gain - Compared to learning without transfer, the accumulated rewards earned by
an agent may be improved.
• Learning Time - The learning time for an agent to achieve a certain performance level may
be shortened.
I, in turn, would like to find out whether we could apply transfer learning to reinforcement learning
to help optimize a distributed system using only local information. For example, in the ǫ-greedy
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and softmax market selection strategies, traders’ market selection decisions are purely based on
the past profits in the various markets — there is no connection between market selection strategy
and trading strategy. Information like transaction prices, number of transactions and number of
traders in each market are also very useful when a trader is making market selection decisions.
For example, with the past transaction prices of a market, a trader can estimate potential profits
by looking at the average transaction price and private value spread. And with information on
the number of transactions and the number of traders in a market, a trader can have a better
picture of the liquidity, and stability of a market, and also have a better understanding of how
reliable the average transaction price is. Therefore, I want to know if traders can take advantage
of other knowledge like the transaction prices, number of transactions, number of traders in the
market on the previous n days, or even how much profit other traders made in a certain market.
This information may require traders share certain information with each other, which may bring
more competition to them in the market. However, it may also bring more liquidity to their chosen
market, so in the long run, it may benefit all traders.
As I mentioned, in our model, a trader uses its trading strategy to trade goods and use their market
selection strategy to determine which market they would like to enter for the next trading day. So,
I would like to answer the following two questions:
Q3.1. Can we apply transfer learning to trading strategies to improve the global network market
performance?
Q3.2. Can we apply transfer learning to market selection strategies to improve the global network
market performance?
I will discuss the first question in the next chapter.
Chapter 4
Using Transfer Learning with Trading
Strategies
4.1 Questions
As I discussed in Chapter 3, in our model, individual markets are linked together and form a
larger network market. This network market is populated with automated traders. At the end
of each trading day, traders are allowed to move between these markets — choosing a market at
the beginning of each day, staying there to trade during the day, and possibly moving to another
market as long as there is a link between two markets on the next day — so as to trade in a better
venue to maximize their profits. Thus traders in our market model have two tasks. One is to decide
how to make offers. The mechanism they use to do this is their trading strategy. The other task
is to choose a market to make offers in. The mechanism for doing this is their market selection
strategy. Traders use their trading strategy to trade goods and use their market selection strategy
to determine which market they would like to enter for the next trading day. I would like to find
out whether we can apply the idea of transfer learning to a trader’s trading strategy and market
selection strategy to optimize the global network market performance.
In this chapter, I will study the use of transfer learning as part of a trading strategy. As Taylor
and Stone [Taylor and Stone, 2009] pointed out, with transfer learning, we may have a jump start,
improved asymptotic performance, greater overall gain and a shortened learning time. Since right
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now in jcat, market efficiency is calculated at the end of each trading day, not at the end of each
round, which makes it hard to do the jump start comparison. So, here, I only consider asymptotic
performance, overall gain and learning time. In particular, I would like to find out the answers to
the following four questions:
Q4.1. Can we use transfer learning to improve the overall market performance?
Q4.2. Can we use transfer learning to improve the final learning state? (e.g., higher average global
market efficiency over the last 10 trading days)?
Q4.3. Can we use transfer learning to increase the speed of learning?
Q4.4. Is it possible to use only local information to optimize the network market performance?
4.2 The market model
4.2.1 Traders
4.2.1.1 Trading strategy
In order to answer the questions above, I consider four types of trading strategies:
T1. trading strategies without transfer learning;
T2. transfer learning trading strategies that use trading information from previous markets to
learn how to trade in the current market (transfer learning using just local information);
T3. transfer learning trading strategies that use trading information from previous markets to
learn the global market (transfer learning using just local information);
T4. transfer learning trading strategies that have trading information about each individual mar-
ket (transfer learning using global information).
I ran experiments that compared trading strategies of types T1-T4 which are based on the Zero
Intelligence Plus (zip) strategy by [Cliff and Bruten, 1997], since the zip strategy is typical of the
behavior of automated traders.
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As mentioned above, the aim of this work is to compare the global network market performance
between trading with transfer learning and trading without transfer learning, and traders which
use the original version of zip actually have a certain level of information that they transfer when
they move from one market to another — they first learn in one market and use the information
they have learned to start trading in the next market. So, zip actually belongs to trading strategy
type T2. Therefore, I developed three more similar trading strategies that are of types T1, T3
and T4. These are all novel trading strategies.
The first of these is a trading strategy called Reset Learning Zero Intelligence Plus (rl-zip) of
type T1 (non transfer learning strategy), which works the almost same as the original zip strategy.
The only difference is that when the trader chooses to move to another market the rl-zip strategy
resets its learning — meaning that no knowledge been transferred to help trade in the new market.
Then, for a T3 zip-like trading strategy, I introduce the Adaptive Zero Intelligence Plus (azip)
trading strategy, described in Algorithm 1. The azip trading strategy keeps track of the highest
matched ask prices, the lowest matched bid prices and the number of transactions in the market
that the trader was trading in for the last n days. The value of n is controlled by a parameter called
windowSize. At the end of each trading day, the azip strategy estimates the global equilibrium
price based on those bid/ask prices and the number of transactions it tracked. To estimate the
global equilibrium price, the azip strategy first calculates a weight average price (weightedAvg)
using the following formula:
weightedAvg =
∑sizei=0 numOfTrans[i]× ((highestMatchedAsk[i] + lowestMatchedBid[i])/2)
∑sizei=0 numOfTrans[i]
(4.1)
where size = min(windowSize, tradingday−1). WindowSize is set to 10 in my experiments. This
weightedAvg gives more weight to those days that have more transactions. The idea behind this
is, in general, that if a market provides more transactions that means that market may have more
intra-marginal traders and may provide less fluctuating transaction prices, which in turn could
give more accurate estimates of the global equilibrium price. Therefore, theoretically, if a trader
is trading in a less efficient market (a market with less intra-marginal traders or a market that is
not well designed), those trading days get less weight, and if a trader is trading in a more efficient
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market (a market with more intra-marginal traders or a market that is well designed), those trading
days get more weight.
Based on weightedAvg, we can then calculate the estimated global equilibrium (estimated
−Equilibrium) by giving a small perturbation to the weightedAvg,
estimatedEquilibrium = weightedAvg × (1 + random(−ǫ, ǫ)) (4.2)
where ǫ is a small value. In the experiments reported here, I set ǫ to 0.01. The use of a small per-
turbation is to ensure that, in case there is a couple of transactions with the transaction price not so
close to the equilibrium price, which causes the weightedAvg away from the actual equilibrium price
a little bit, this can be considered as random noise in the calculation of the estimatedEquilibrium.
Finally, for a T4 zip-like trading strategy, I introduced the Omniscient Zero Intelligence Plus (ozip)
trading strategy, described in Algorithm 2. ozip works similarly to azip, the only difference is that
ozip traders have transaction information for all the markets. Therefore, ozip can estimate the
individual market equilibrium price for each market using the same formulas given in Equations
4.1 and 4.2. As before, those trading days that have more transactions get more weight when
calculating the estimated equilibrium price of each market. When the ozip trader moves to a new
market i, it sets its initial bid/ask price (shout price) to the estimated equilibrium price of market
i.
Therefore, we have the following trading strategies:
T1. Reset Learning Zero Intelligence Plus (rl-zip) Strategy;
T2. Zero Intelligence Plus (zip) Strategy;
T3. Adaptive Zero Intelligence Plus (azip) Strategy;
T4. Omniscient Zero Intelligence Plus (ozip) Strategy.
4.2.1.2 Market selection strategy
For the experiments in this chapter, which examine transfer learning in trading behavior not in
market selection behavior, the market selection mechanism is the default in jcat. Traders treat
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Algorithm 1 Adaptive Zero Intelligence Plus (AZIP) Trading Strategy
1: procedure AZIP
2: index ← 0
3: for each n from 0 to windowSize − 1 do
4: highestMatchedAsk[n] ← −1
5: lowestMatchedBid[n] ← ∞
6: numOfTrans[n]← 0
7: for each trading day do
8: if transaction happens in the current market then
9: numOfTrans[index]← numOfTrans[index]+ 1
10: if ask price > highestMatchedAsk[index] then
11: highestMatchedAsk[index] ← ask price
12: if bid price < lowestMatchedBid[index] then
13: lowestMatchedBid[index] ← bid price
14: if current trading day is closed then
15: ▷ //estimate global equilibrium price





19: estimatedEquilibrium ← weightedAvg × (1 + random(−ǫ, ǫ))
20: index ← (index + 1) mod windowSize
21: ▷ //initialize values for next trading day
22: highestMatchedAsk[index] ← −1
23: lowestMatchedBid[index] ← ∞
24: numOfTrans[index]← 0
25: if trader is switching market then
26: ▷ //if the trader is switching market, set its initial bid/ask price to the estimated
global equilibrium
27: if the trader is seller then
28: shoutPrice ← max(estimatedEquilibrium, private value)
29: else if the trader is buyer then
30: shoutPrice ← min(estimatedEquilibrium, private value)
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Algorithm 2 Omniscient Zero Intelligence Plus (OZIP) Trading Strategy
1: procedure OZIP
2: index ← 0
3: for each n from 0 to windowSize − 1 do
4: highestMatchedAsk[n] ← −1
5: lowestMatchedBid[n] ← ∞
6: numOfTrans[n]← 0
7: for each trading day do
8: if transaction happens in the market j then
9: numOfTrans[index]← numOfTrans[index]+ 1
10: if ask price j > highestMatchedAsk[index][j] then
11: highestMatchedAsk[index][j] ← ask price j
12: if bid price j < lowestMatchedBid[index][j] then
13: lowestMatchedBid[index][j] ← bid price j
14: if current trading day is closed then
15: ▷ //estimate individual market equilibrium price for each market
16: for each market j do





20: estimatedEquilibrium[j] ← weightedAvg[j] × (1 + random(−ǫ, ǫ))
21: index ← (index + 1) mod windowSize
22: ▷ //initialize values for next trading day for market j
23: highestMatchedAsk[index][j] ← −1
24: lowestMatchedBid[index][j] ← ∞
25: numOfTrans[index][j]← 0
26: if trader is switching market then
27: ▷ //if the trader is switching to market j, set its initial bid/ask price to the estimated
equilibrium of market j
28: if the trader is seller then
29: shoutPrice[j] ← max(estimatedEquilibrium[j], private value)
30: else if the trader is buyer then
31: shoutPrice[j] ← min(estimatedEquilibrium[j], private value)
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the choice of market as an n-armed bandit problem that they solve using an ǫ-greedy exploration
policy [Sutton and Barto, 1998, Chapter 2]. Using this approach the behavior of the agents is
controlled by two parameters ǫ and α. A trader chooses what it estimates to be the best market,
in terms of daily trading profit, with probability 1− ǫ, and randomly chooses one of the remaining
markets otherwise. ǫ may remain constant or be variable over time, depending upon the value of
the parameter α [Sutton and Barto, 1998, Section 2.2]. If α is 1, ǫ remains constant, while if α
takes any value in (0, 1), ǫ will reduce over time. In all the experiments I describe in later sections,
I set α to 1, and ǫ to 0.1. The results from previous work that I was involved in on the interactions
between multiple markets [Niu et al., 2007] which suggests that market selection behavior is rather
insensitive to the parameters chosen here. As a result, I feel justified in only considering one set
of parameter values. The ǫ-greedy market selection strategy equips traders with mobility that is
essential to take advantage of the multi-market environment. We have demonstrated the effects of
such mobility in [Cai et al., 2014].
4.2.1.3 Market selection controlling policy
In the real world, in a multiple market scenario, a trader will not always leave a market as soon as it
experiences a day of poor returns from trading. Instead, a trader may hang in a market for couple
of days, and then decide whether they would like to switch to another market or not, sometimes
even though they are not making any profits at the very first day. In order to model this kind of
behavior, I introduced a market selection controlling policy called Slow Acting Controlling Policy
(sac), described in Algorithm 3.
The SAC policy contains two control factors explorationRatio and actingThreshold. At the end of
each trading day, the policy generates a random number (currentExpRandom) between (0, 1), if
currentExpRandom < explorationRatio, then the SAC policy uses a market selection strategy to
choose a market. If currentExpRandom >= explorationRatio, the SAC policy first checks whether
the current market is profitable. If the market is not profitable, the policy reduces actingThreshold
by half. After that, the policy generates another random number currentActingRandom between(0, 1). If currentActingRandom >= actingThreshold, then the SAC policy uses the market se-
lection strategy to choose a market, otherwise, the trader stays in the current market. In my
experiments, I set explorationRatio to 0.05 and actingThreshold to 0.8.
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Algorithm 3 Slow Acting Controlling (SAC) Policy
1: procedure SAC
2: explorationRatio ← 0.05
3: actingThreshold ← 0.8
4: for each trading day do
5: currentExpRandom ← random(0, 1.0)
6: currentActingRandom ← random(0, 1.0)
7: if currentExpRandom < explorationRatio then
8: uses market selection strategy to choose a market
9: else
10: if current market is not profitable then
11: actingThreshold = actingThreshold/2
12: if currentActingRandom >= actingThreshold then
13: uses market selection strategy to choose a market
14: else
15: stay in the current market
4.2.2 Markets
On the side of market mechanism, a large variety of double-auction mechanisms could be deployed
to compete, given the nature of the cat Tournament that jcat was designed for. The mechanisms
may differ from each other on when they clear their markets, at which price to clear the markets
or to make each single transaction, how match-able shouts are paired up, what shouts could be
placed in the markets. A classification of auction mechanisms, both from the literature and from
the participants in the cat Tournament, were presented in [Niu et al., 2010]. In the experiment
in this thesis, I consider only the two classic double auctions, the cda and the ch (described
in Chapter 2), since the relative competitiveness of auction mechanisms is not the focus of this
work. In addition, jcat allows markets to charge traders, a feature that is not uncommon in
studying competition between markets or service providers, e.g., in [Caillaud and Jullien, 2003].
As mentioned in Chapter 3, jcat allows charges in a variety of ways. I used two types of charge in
the work reported here:
• Registration fees: charges made by the market for registering the market.
• Profit fees: charges made by the market on the bid/ask spread of any transactions they
execute. The name arose since the bid/ask spread is the transaction surplus, and with the
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Table 4.1: The configurable facets of the trader model
Facet Choice
Trading Strategy
Reset Learning Zero Intelligence Plus (RL-ZIP) Strategy
Zero Intelligence Plus (ZIP) Strategy
Adaptive Zero Intelligence Plus (AZIP) Strategy
Omniscience Zero Intelligence Plus (OZIP) Strategy
Market Selection Strategy Epsilon-Greedy Strategy
Market Selection Controlling Policy Slow Acting Controlling Policy (SAC)
k = 0.5 rule used here for allocating the surplus [Satterthwaite and Williams, 1993], the
surplus is thus directly related to the profit realized by both agents.
Also, in order to simplify the comparison, I only considered fully-connected sets of markets in this
set of experiments. Therefore, all markets are connected with each other.
I summarize the configuration of the trader model and the market model that I used in this set
of experiments in Table 4.1 and Table 4.2. Each of the experiments that I will discuss in Section
4.5 and Section 4.6 is a controlled simulation configured with a combination of the choices on the
trading strategy, market mechanism, type of charges and market charges facets. For each type of
charges, I considered three sets of charging levels, which is summarized in Table 4.3. For example,
for the case that all markets charge the same amount of profit fees, we could have the following,
Set 1: All markets charge 5% profit fees;
Set 2: All markets charge 10% profit fees;
Set 3: All markets charge 15% profit fees.
The reason for choosing these three charging levels is because that, for a market to be competitive
against other markets, the market shouldn’t overcharge. According to [Honari et al., 2009] (which
charges 20% profit fees) and [Stavrogiannis and Mitkas, 2009] (which charges 10% − 30% profit
fees), profit fees charge between 0% − 30% looks like a reasonable pick.
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Table 4.2: The configurable facets of the market model
Facet Choice
Market Type
Continues Double Auction (CDA)
Clearing House (CH)
Type of Charges
All markets charge the same profit fees
Each market charges profit fee differently
All markets charge the same registration fees
Each Market charges registration fee differently
Market Connection Topology Fully connected
Table 4.3: The configuration of market charging in each of experiments
Type of Charges Charges of M0 through M4
Profit fee
All market charges 0% (Free markets)
All market charges 5%
All market charges 10%
All market charges 15%
M0 to M4 charge 5%, 10%, 15%, 20%, 25%
M0 to M4 charge 10%, 20%, 30%, 40%, 50%
M0 to M4 charge 15%, 30%, 45%, 60%, 75%
Registration Fee
All market charges 0% (Free markets)
All market charges 0.5
All market charges 1.0
All market charges 2.0
M0 to M4 charge 0.5, 1.0, 1.5, 2.0, 2.5
M0 to M4 charge 1.0, 2.0, 3.0, 4.0, 5.0
M0 to M4 charge 1.0, 3.0, 5.0, 7.0, 9.0
4.3 Measurements
Before I discuss the details of the experiments, I define the measurements that I use to evaluate the
effectiveness of a market. The effectiveness of a market can be measured in a number of different
ways. The most common ones include allocative efficiency and coefficient of convergence, which I
mentioned in Chapter 2.
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Now, remember that my work aims to measure the performance of a system including multiple
small, competing markets with traders distributed between them. The definitions of efficiency and
convergence given in Chapter 2 allow us to measure the performance in a single market case, but
new definitions are needed to measure a multi-market system case in a comparable way. Clearly the
multi-market system would achieve the maximal surplus when all the traders move to one of the
markets and can trade with each other without market barriers, forming exactly the single-market
system. Thus the equilibrium surplus for the multi-market system can simply be calculated using
Equation 2.3 pretending that all traders distributed between the multiple small markets are all
in a single, imaginary market, or the global market. This global equilibrium surplus is achieved
when the global market is cleared at the global equilibrium price, denoted as p
g
0, at which the global
demand equals the global supply. Now with the actual surplus for the multi-market system being
the sum of the actual surpluses of all these markets, the allocative efficiency for the multi-market
system, or the global allocative efficiency, E
g
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∑j ∑i ∣vji − p0∣ × 100 (4.3)
where v
j
i is the private value of agent i in market j, p
j
i is the price paid by agent i in market j, and
p0 is the equilibrium price that would hold were all the traders in a single market.
Similarly I calculate the coefficient of convergence for the multi-market system, or the global co-
efficient of convergence, denoted as α
g
, by measuring how close transactions made in those small














is the total number of traders in all markets.
The global measurements are appropriate for my purposes because I am interested in examining
how far multiple markets diverge from the performance of an individual market. In contrast, simply
calculating the average of Eas or αs of the small markets would not reveal useful information since
the comparison will not be based on the same (global) equilibrium. However, it should be noted that
the global measurements defined above in 4.3 and 4.4 are rather harsh since the small markets can,
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for example, be individually efficient but globally somewhat inefficient because of the distribution
of traders. For example, consider a set of buyers b1, b2 and b3 with private values $10, $40 and
$60 respectively, and a set of sellers s1, s2 and s3, with private values $20, $30 and $70, where each
trader is entitled to trade one unit of goods. If all trade in a single market, the efficient matching is
b3 with s1 and b2 with s2, generating a surplus of $50. If the three traders are distributed between
two markets, one containing b1, b2, s1 and s2 and the other containing b3 and s3, then even
with efficient matching in both markets, the surplus is only $30, which means the global allocative
efficiency in this case is only 60%.
4.4 Experimental setups
In this set of experiments, I aim to compare the performance of network markets for each type
of those four trading strategies mentioned in Section 4.2.1.1. The scenarios I considered here
include all the facets listed in Table 4.1, Table 4.2 and Table 4.3. All the choices available for all
the facets make 112 combinations, each being a unique scenario. For instance, one such scenario
is that all markets run the CDA, charge the same fixed profit fees (5%), and are patronized by
a population of homogeneous zip traders. The idea behind this configuration and the various
scenarios is that they allow us to identify the differences between the system that has traders
using transfer learning trading strategies and the system that does not have traders using transfer
learning trading strategies.
I ran one experiment for each of the 112 scenarios. Each of the 112 experiments lasted 400 trading
days, with each day being split into 50 0.5-second-long rounds. Each experiment was repeated 50
times. Each trader was permitted to buy or sell at most five units of goods per day, and its private
value for the goods was drawn from a uniform distribution between $50 and $150. Each trader
was assumed to have the same private value for all the units of goods that it traded throughout
a single iteration of a given experiment, with new values being picked for each iteration. Each
multi-market system was populated by 100 traders, evenly split between buyers and sellers. The
initial distribution of traders to markets was random with each trader having an equal probability
of being assigned to each market. The parameters discussed here are summarized in Table 4.4.
With my current implementation running on a 2.93 GHz Nehalem Intel 4-core processor, it took
around 4 ∼ 6 hours to run each experiment.
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Table 4.4: The general configuration of parameters in each of the experiments
Category Parameter Value
Market
No. of days 400
Duration of round 0.5 seconds
No. of rounds per day 50
No. of competing markets 5
No. of buyers 50
No. of sellers 50
Traders
Trader entitlement 5
Trader valuation µ($50, $150)
Market Selection Strategy
ǫ in ǫ-greedy exploration 0.1
α in ǫ-greedy exploration 1






















The configurations of the four trading strategies and six sets of market charging that were used in
these experiments are summarized in Table 4.5 and Table 4.3.
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4.5 Experiment Set I - Transfer learning VS Non-transfer learning
As mentioned in Section 4.1, the work in this chapter aimed to answer four questions, Q4.1- Q4.4,
where Q4.1 through Q4.3, are trying to figure out whether we can apply transfer learning on
trader’s trading strategy to optimize the global network market performance. Q4.4 is trying to
find out whether we can use only local information in transfer learning to optimize the network
market performance. So we can classify these four questions into two categories,
• whether it is possible to apply transfer learning on trader’s trading strategy to optimize the
global network market performance like the global market efficiency or the speed of learning,
etc.;
• whether it is possible to use only local information in transfer learning to optimize the network
market performance.
Therefore, all of the experiments were divided into two sets. The first set of experiments were
trying to compare network markets with traders that using transfer learning trading strategies to
those network markets with traders using non-transfer learning trading strategies. The second set
of experiments were trying to compare the network market performance between different transfer
learning trading strategies (transfer learning strategies using only local information and transfer
learning strategies using global information).
As mentioned above, this set of experiments focus on comparing the network market performance
between transfer learning trading strategies and non-transfer learning trading strategies. It’s aiming
to answer questions Q4.1, Q4.2 and Q4.3 that were raised in Section 4.1. Therefore, I am going
to compare the performance between rl-zip and other three transfer learning trading strategies
(zip, azip and ozip).
In order to compare the system performance, I would like to look at the following four aspects,
• Market allocative efficiency
• Coefficient of convergence
• Speed of learning
• Trader distribution
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4.5.1 Allocative efficiency
First, I am going to compare the market allocative efficiency between rl-zip trading strategy and
zip, azip and ozip strategies. In this part of tests, I am trying to answer questions Q4.1 and
Q4.2 from market efficiency perspective, therefore, I will look at the overall market efficiency and
the last-10-day market efficiency of each experiment. The last-10-day global efficiency is the global
efficiency of the last 10 trading days, this can help us evaluate the performance of learning at the
final state. Since I would like to find out the performance of the whole multi-market system, instead
of focusing on the market efficiency of each individual market, I will mainly concentrate on the
global market efficiency (which I mentioned in Section 4.3) of the whole network market.
Figure 4.1a to Figure 4.6c, show the 10-day average global market efficiency for both transfer learn-
ing and non-transfer learning network markets. These figures clearly show that network markets
with transfer learning trading strategies can have higher global market efficiency than those with
non-transfer learning trading strategies. In order to do the further analysis, I also compared the
400-day average allocative efficiency for each scenario. The 400-day average allocation efficiency
is the average efficiency of all 400 trading days across all 50 repetitions (I ran each experiment 50
times) .
The overall efficiency comparison results of CDA markets are shown in Table 4.6, Table 4.7 and
Table 4.8. In each table, for each comparison, in order to make sure one global value is significantly
better than the other one, I did the Mann-Whitney U test between two populations
1
of global
values. I also used the Holm-Bonferroni procedure to handle the family-wise error rates. For each
comparison, if one global value is significantly better than the other at the 95% level for both the
pair-wise test and the family-wise tests, then this number will be in bold and has a ⋆ before it, if
one global value is significantly better than the other one at the 95% level only for the pair-wise
test, then this number will have a ⭐ before it. Table 4.6 compares the market efficiency between
zip and rl-zip, it shows that the global efficiency is better in zip network markets than those
of rl-zip markets for every single comparison for both pair-wise and family-wise tests. We know
that the difference between rl-zip and zip is that the rl-zip strategy resets its learning when the
trader moves to another market, however, zip strategy memorizes what it learned from the previous
market and uses that information as a basis from which to learn how to trade in the new market.
1
I ran 50 iterations for each experiment, therefore, the sample size of each population is 50.
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zip is significantly better in all cases. Thus the results suggest that using the trade information
learned in one market in general can help to improve the global market efficiency.
Table 4.7 shows the comparison between azip and rl-zip. The azip strategy tries to estimate
the global equilibrium price based on the previous transactions that happen only in the market
the trader was in, and when it enters a new market, it uses the estimated global equilibrium price
as the shout price. Still, azip beats rl-zip for all cases. Therefore, using the estimated global
equilibrium price based on transferred local information can help to improve the global market
efficiency as well. The ozip strategy is based on the transferring of global information. The results
comparing ozip to rl-zip are shown in Table 4.8. As we can see from the table, the ozip strategy
also outperforms the rl-zip strategy under all scenarios. From the results of both azip and ozip,
we can conclude that using transfer learning can help improve the global market efficiency.
Also, when we look at the individual market efficiency, for each scenario, the highest individual
market efficiency of the transfer learning strategy network market tends to be higher than the
efficiency of non-transfer learning strategy network markets.
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(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure 4.1: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 5%, 10%, 15%, 20%, 25% profit fees. In each plot, the dotted line with solid circles indicates
non-transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip,
azip or ozip).








(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure 4.2: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 10%, 20%, 30%, 40%, 40% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip or ozip).








(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure 4.3: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 15%, 30%, 45%, 60%, 75% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip or ozip).
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(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure 4.4: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 0.5, 1.0, 1.5, 2.0, 2.5 registration fees. In each plot, the dotted line indicates non-transfer
learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip or ozip).








(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure 4.5: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 1.0, 2.0, 3.0, 4.0, 5.0 registration fees. In each plot, the dotted line indicates non-transfer
learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip or ozip).








(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure 4.6: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 1.0, 3.0, 5.0, 7.0, 9.0 registration fees. In each plot, the dotted line indicates non-transfer





























Table 4.6: Market efficiency of zip and rl-zip in CDA
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% ◦93.016 92.286 91.947 92.061 87.341 ⋆91.912 89.359 91.396 ◦92.226 89.874 91.627 90.654
All markets charge 10% ◦92.748 92.321 91.067 91.268 90.411 ⋆91.856 90.742 ◦91.052 90.298 88.475 88.982 90.786
All markets charge 15% 89.855 ◦92.356 89.753 91.305 91.267 ⋆91.784 ◦91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 90.297 ◦92.609 90.786 91.291 91.48 ⋆91.891 89.854 90.987 91.496 88.051 ◦92.213 90.703
10%, 20%, 30%, 40%, 50% ◦93.163 89.859 91.813 89.623 89.199 ⋆91.846 ◦92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% ◦93.016 92.778 89.301 90.867 90.574 ⋆91.874 ◦91.928 91.796 91.828 91.031 86.617 90.738
Registration Fee
All markets chargeg 0.5 91.167 90.159 ◦93.569 93.294 89.413 ⋆91.819 90.428 91.493 89.716 91.036 ◦91.991 90.678
All markets charge 1 ◦93.37 91.117 87.16 92.904 92.448 ⋆91.938 91.097 90.171 88.455 ◦91.764 89.957 90.709
All markets charge 2 91.79 90.75 92.149 ◦92.346 89.587 ⋆91.848 ◦91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 ◦92.375 91.944 90.705 90.336 91.728 ⋆91.94 91.315 90.73 90.001 ◦91.479 89.601 90.749
1, 2, 3, 4, 5 ◦94.173 92.159 92.598 85.66 89.56 ⋆91.828 ◦93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 ◦95.624 93.46 91.131 89.57 83.277 ⋆91.467 ◦94.217 91.717 88.936 89.927 86.967 90.562
Free of Charges All free markets 90.829 90.885 90.952 ◦92.798 89.371 ⋆91.797 90.269 90.359 89.077 ◦91.433 91.375 90.883
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦





























Table 4.7: Market efficiency of azip and rl-zip in CDA
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 89.84 88.785 91.987 91.373 ◦92.742 ⋆92.007 89.359 91.396 ◦92.226 89.874 91.627 90.654
All markets charge 10% 90.704 91.432 91.124 ◦92.702 90.734 ⋆91.976 90.742 ◦91.052 90.298 88.475 88.982 90.786
All markets charge 15% 91.444 91.238 ◦92.199 89.249 91.715 ⋆91.877 ◦91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 92.904 89.704 89.682 ◦93.041 90.705 ⋆91.93 89.854 90.987 91.496 88.051 ◦92.213 90.703
10%, 20%, 30%, 40%, 50% 92.351 ◦93.846 92.409 88.128 89.302 ⋆91.876 ◦92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% ◦92.799 92.737 89.918 89.676 88.713 ⋆91.898 ◦91.928 91.796 91.828 91.031 86.617 90.738
Registration Fee
All markets chargeg 0.5 90.047 92.151 ◦93.185 91.844 91.93 ⋆91.987 90.428 91.493 89.716 91.036 ◦91.991 90.678
All markets charge 1 91.209 91.591 ◦92.714 91.766 90.116 ⋆91.959 91.097 90.171 88.455 ◦91.764 89.957 90.709
All markets charge 2 91.123 88.297 89.328 ◦92.123 90.833 ⋆92.04 ◦91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 92.107 90.972 ◦92.698 92.426 89.147 ⋆92.007 91.315 90.73 90.001 ◦91.479 89.601 90.749
1, 2, 3, 4, 5 ◦93.056 92.759 92.152 88.534 89.255 ⋆91.866 ◦93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 ◦95.76 93.281 90.28 89.012 83.058 ⋆91.671 ◦94.217 91.717 88.936 89.927 86.967 90.562
Free of Charges All free markets 90.349 ◦92.436 92.905 90.239 91.908 ⋆91.833 90.269 90.359 89.077 ◦91.433 91.375 90.883
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦ next





























Table 4.8: Market efficiency of ozip and rl-zip in CDA
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 90.225 90.429 89.948 ◦92.621 92.061 ⋆91.941 89.359 91.396 ◦92.226 89.874 91.627 90.654
All markets charge 10% ◦92.308 92.286 89.389 92.199 90.811 ⋆91.96 90.742 ◦91.052 90.298 88.475 88.982 90.786
All markets charge 15% 91.081 92.889 ◦93.124 89.749 89.617 ⋆91.994 ◦91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 90.978 90.696 91.897 ◦93.315 89.843 ⋆91.995 89.854 90.987 91.496 88.051 ◦92.213 90.703
10%, 20%, 30%, 40%, 50% ◦93.705 91.582 92.658 89.956 89.826 ⋆91.905 ◦92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% ◦92.322 92.127 91.944 90.563 89.023 ⋆92.024 ◦91.928 91.796 91.828 91.031 86.617 90.738
Registration Fee
All markets chargeg 0.5 90.869 91.85 ◦93.358 93.263 88.657 ⋆91.923 90.428 91.493 89.716 91.036 ◦91.991 90.678
All markets charge 1 ◦91.826 90.947 90.979 91.218 91.297 ⋆91.943 91.097 90.171 88.455 ◦91.764 89.957 90.709
All markets charge 2 89.133 91.115 90.571 91.837 ◦93.213 ⋆91.919 ◦91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 ◦94.281 91.729 88.54 92.067 91.906 ⋆92.033 91.315 90.73 90.001 ◦91.479 89.601 90.749
1, 2, 3, 4, 5 ◦95.64 94.084 91.112 88.618 86.069 ⋆91.894 ◦93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 ◦96.125 90.636 90.624 88.059 81.313 ⋆91.565 ◦94.217 91.717 88.936 89.927 86.967 90.562
Free of Charges All free markets 90.824 ◦92.245 89.1 91.652 91.422 ⋆91.879 90.269 90.359 89.077 ◦91.433 91.375 90.883
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦ next
to them indicate that they are the highest invididual market efficiency of each comparison.
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The results of experiments with CH markets are shown in Table 4.9, Table 4.10 and Table 4.11. As
we can see, in CH markets, in most cases, network markets with traders that use the non-transfer
learning trading strategy (rl-zip) tend to have higher global market efficiency than those with
traders that use a transfer learning trading strategy (zip, azip and ozip). I attribute this, at
least in part, to the mechanism of the clearing house. Since in a CH market, market clearing only
happens at the end of each round, therefore, the market clearing may affect several transactions
each time. So, if in some trading day, the equilibrium price of one market changes a lot (caused
by the moving of the traders), which causes the information transferred to all the traders to be
inaccurate, this will hugely affect the market efficiency in that market — because in a CDA market,
market clears whenever there is a match between bid and ask, any wrong information or inaccurate
estimation can be readjusted very quickly (before most of traders make a trade). However, in a
CH market, as I said, market clears at the end of each round, which doesn’t leave too much room
for traders to readjust their estimation. Therefore, in a CH market, if the equilibrium price of a
market changes a lot in some day, it will affect the efficiency of that market greatly, which will in





























Table 4.9: Market efficiency of zip and rl-zip in CH
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 95.621 96.161 94.004 94.726 ◦96.39 95.451 ◦97.521 96.717 95.113 97.126 96.829 ⋆95.565
All markets charge 10% ◦97.35 96.486 95.916 95.629 95.777 95.374 96.908 95.801 ◦97.583 97.209 96.771 ⋆95.625
All markets charge 15% 96.315 96.85 ◦97.826 97.638 97.71 95.609 97.466 ◦97.613 97.471 97.436 96.181 ⋆95.786
5%, 10%, 15%, 20%, 25% 98.391 ◦98.838 96.375 94.733 90.764 ⋆95.463 ◦99.146 98.292 97.501 92.648 91.108 95.348
10%, 20%, 30%, 40%, 50% ◦99.235 98.813 96.77 90.506 80.916 95.097 ◦99.374 98.725 97.808 90.602 84.428 ⋆95.231
15%, 30%, 45%, 60%, 75% ◦99.466 99.007 95.279 85.449 78.387 94.791 99.069 ◦99.071 95.133 88.815 77.334 94.823
Registration Fee
All markets chargeg 0.5 94.359 93.262 ◦98.101 95.552 96.81 95.447 96.316 95.589 ◦97.758 95.706 96.394 ⋆95.582
All markets charge 1 95.987 ◦96.414 95.92 96.34 94.972 95.477 94.456 ◦97.512 95.756 93.962 95.932 95.48
All markets charge 2 94.596 94.502 ◦96.018 94.253 95.761 95.267 93.498 ◦97 95.806 96.109 95.925 ⋆95.441
0.5, 1, 1.5, 2.0, 2.5 ◦96.737 95.544 96.046 94.584 94.336 95.196 95.959 95.18 95.73 ◦96.006 94.745 ⋆95.298
1, 2, 3, 4, 5 ◦97.69 95.657 95.479 94.495 91.521 95.073 ◦99.201 97.514 96.008 92.829 92.741 ⋆95.231
1, 3, 5, 7, 9 ◦98.103 96.705 94.64 89.906 89.161 94.805 ◦98.159 97.246 94.936 95.174 92.091 ⋆94.953
Free of Charges All free markets 95.928 96.086 ◦96.293 93.58 95.954 95.423 ◦96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦





























Table 4.10: Market efficiency of azip and rl-zip in CH
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 96.657 94.718 95.415 95.766 ◦96.978 95.195 ◦97.521 96.717 95.113 97.126 96.829 ⭐95.565
All markets charge 10% 96.58 96.81 97.604 96.563 ◦97.613 95.331 96.908 95.801 ◦97.583 97.209 96.771 ⭐95.625
All markets charge 15% 96.96 97.402 ◦97.884 97.268 96.527 95.329 97.466 ◦97.613 97.471 97.436 96.181 ⭐95.786
5%, 10%, 15%, 20%, 25% ◦98.656 97.113 97.789 96.291 88.644 95.284 ◦99.146 98.292 97.501 92.648 91.108 ⭐95.348
10%, 20%, 30%, 40%, 50% ◦99.136 98.313 96.027 95.118 86.611 95.175 ◦99.374 98.725 97.808 90.602 84.428 95.231
15%, 30%, 45%, 60%, 75% ◦99.346 98.884 96.998 88.161 81.565 ⋆94.839 99.069 ◦99.071 95.133 88.815 77.334 94.823
Registration Fee
All markets chargeg 0.5 90.047 92.151 ◦93.185 91.844 91.93 ⋆91.987 90.428 91.493 89.716 91.036 ◦91.991 90.678
All markets charge 1 91.209 91.591 ◦92.714 91.766 90.116 ⋆91.959 91.097 90.171 88.455 ◦91.764 89.957 90.709
All markets charge 2 91.123 88.297 89.328 ◦92.123 90.833 ⋆92.04 ◦91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 96.174 ◦96.185 95.42 94.385 92.397 95.048 95.959 95.18 95.73 ◦96.006 94.745 ⭐95.298
1, 2, 3, 4, 5 ◦98.583 95.675 95.776 93.493 92.054 94.836 ◦99.201 97.514 96.008 92.829 92.741 ⭐95.231
1, 3, 5, 7, 9 ◦98.527 97.08 97.019 91.722 86.289 94.765 ◦98.159 97.246 94.936 95.174 92.091 ⭐94.953
Free of Charges All free markets 96.806 93.974 ◦97.684 96.743 94.886 95.181 ◦96.788 96.623 96.595 95.09 96.446 ⭐95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦ next to





























Table 4.11: Market efficiency of ozip and rl-zip in CH
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% ◦97.445 96.375 95.372 95.45 97.383 95.403 ◦97.521 96.717 95.113 97.126 96.829 ⋆95.565
All markets charge 10% 95.995 97.816 ◦98.119 95.448 95.099 95.283 96.908 95.801 ◦97.583 97.209 96.771 ⋆95.625
All markets charge 15% 96.77 96.547 97.543 ◦97.642 97.156 95.278 97.466 ◦97.613 97.471 97.436 96.181 ⋆95.786
5%, 10%, 15%, 20%, 25% ◦98.91 96.484 97.04 96.258 94.722 95.246 ◦99.146 98.292 97.501 92.648 91.108 ⋆95.348
10%, 20%, 30%, 40%, 50% ◦98.572 97.615 97.456 91.441 87.975 94.951 ◦99.374 98.725 97.808 90.602 84.428 ⋆95.231
15%, 30%, 45%, 60%, 75% ◦99.349 99.047 96.447 88.902 82.604 94.856 99.069 ◦99.071 95.133 88.815 77.334 94.823
Registration Fee
All markets chargeg 0.5 94.004 96.228 94.041 96.302 ◦96.515 95.153 96.316 95.589 ◦97.758 95.706 96.394 ⋆95.582
All markets charge 1 94.519 95.39 92.886 ◦97.149 96.263 95.163 94.456 ◦97.512 95.756 93.962 95.932 ⋆95.48
All markets charge 2 93.484 95.056 95.877 ◦97.2 94.719 95.284 93.498 ◦97 95.806 96.109 95.925 ⋆95.441
0.5, 1, 1.5, 2.0, 2.5 94.87 ◦97.188 94.628 95.93 93.047 94.917 95.959 95.18 95.73 ◦96.006 94.745 ⋆95.298
1, 2, 3, 4, 5 96.25 ◦96.851 94.756 94.357 92.614 94.914 ◦99.201 97.514 96.008 92.829 92.741 ⋆95.231
1, 3, 5, 7, 9 ◦99.4 95.698 95.694 93.533 86.573 94.737 ◦98.159 97.246 94.936 95.174 92.091 ⋆94.953
Free of Charges All free markets 95.517 94.541 ◦96.422 93.352 95.86 95.128 ◦96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦ next
to them indicate that they are the highest invididual market efficiency of each comparison.
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In order to validate this explanation, I did the following.
I tested the network markets’ performance under different market clearing mechanisms. In order to
do this, I first introduced a clearing threshold parameter. Every time if there is a match between bid
and ask, a random value will be drawn between 0 to 1. If this random value is less than the clearing
threshold, the market clearing will be triggered. So, in a CH market, the threshold will be set to 0,
meaning that market clearing only happens at the end of each round, while in a CDA market, the
threshold will be set to 1, meaning that market clears whenever there is a match between bid and
ask. Given this clearing parameter, I ran experiments with clearing threshold equal to 0, 0.25, 0.5,
0.75 and 1. The clearing threshold test results are shown in Table [4.12 - 4.23]. As we can see from
the results, for all scenarios, when the clearing threshold is equal to 0 (a CH market), the rl-zip
(non-transfer learning) strategy performs better (higher global efficiency) than zip, azip and ozip
(transfer learning) strategies. As the clearing threshold value goes up (market clears more often),
transfer learning trading strategies start to outperform the non-transfer learning trading strategy.
When the clearing threshold reaches 0.75 and 1, transfer learning trading strategies perform better
than the non-transfer learning trading strategy in most cases. For example, let’s look at Tables
4.16 and 4.17, which show the market efficiency comparison results between azip and rl-zip for
profit charging markets. We can see that when the clearing threshold equals 0 and 0.25, the rl-zip
strategy gives us higher global efficiency than the azip strategy does. When the clearing threshold
equals 0.5, in most cases, there is no significant difference between the global efficiency of rl-zip
and the global efficiency of azip. When the clearing threshold reaches 0.75 and 1, azip strategy
tends to outperform (higher global efficiency) the rl-zip strategy. The results above suggests that
the market clearing mechanism and, in particular the frequency of market clearing, may affect
the transfer learning results of trading strategies, which explains why transfer learning trading





























Table 4.12: Threshold test results of market efficiency for profit charging markets (ZIP VS RL-ZIP)
ZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets charge 5% 93.016 92.286 91.947 92.061 87.341 ⋆91.912 89.359 91.396 92.226 89.874 91.627 90.654
All markets charge 10% 92.748 92.321 91.067 91.268 90.411 ⋆91.856 90.742 91.052 90.298 88.475 88.982 90.786
All markets charge 15% 89.855 92.356 89.753 91.305 91.267 ⋆91.784 91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 90.297 92.609 90.786 91.291 91.48 ⋆91.891 89.854 90.987 91.496 88.051 92.213 90.703
10%, 20%, 30%, 40%, 50% 93.163 89.859 91.813 89.623 89.199 ⋆91.846 92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% 93.016 92.778 89.301 90.867 90.574 ⋆91.874 91.928 91.796 91.828 91.031 86.617 90.738
All free markets 90.829 90.885 90.952 92.798 89.371 ⋆91.797 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets charge 5% 91.685 93.199 92.893 92.054 90.894 ⋆92.372 92.462 93.764 92.537 90.091 90.282 91.946
All markets charge 10% 93.491 93.199 92.498 88.957 93.189 ⋆92.245 92.488 93.177 91.662 91.548 92.168 91.884
All markets charge 15% 90.845 91.342 90.073 93.543 91.587 92.29 91.982 93.822 92.271 93.646 91.697 92.015
5%, 10%, 15%, 20%, 25% 92.744 91.788 91.186 92.034 92.96 ⋆92.35 90.443 92.213 92.533 92.448 92.514 92.016
10%, 20%, 30%, 40%, 50% 92.386 94.968 92.527 92.342 90.487 ⋆92.388 92.026 93.302 93.201 91.417 91.078 91.975
15%, 30%, 45%, 60%, 75% 93.934 92.693 90.693 89.739 90.287 ⋆92.291 93.085 92.992 92.942 91.633 88.535 91.978
All free markets 90.92 90.427 92.026 93.72 92.136 ⋆92.317 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets charge 5% 92.836 94.027 93.869 93.27 93.446 ⋆92.975 92.669 92.901 94.11 92.182 94.656 92.719
All markets charge 10% 93.984 92.921 92.822 91.203 94.088 92.923 95.43 94.069 93.895 93.4 92.706 92.832
All markets charge 15% 93.336 93.932 93.158 92.436 93.893 ⋆92.938 93.437 94.245 93.882 93.376 92.774 92.795
5%, 10%, 15%, 20%, 25% 94.626 93.514 91.188 92.727 91.611 92.778 94.194 92.177 94.428 93.159 91.95 ⋆92.803
10%, 20%, 30%, 40%, 50% 95.316 93.654 91.958 92.489 89.049 92.769 95.045 95.113 92.464 92.497 92.258 ⋆92.803
15%, 30%, 45%, 60%, 75% 94.378 95.069 94.923 90.526 91.56 ⋆92.88 94.896 94.134 93.166 91.56 92.398 92.75
All free markets 92.53 93.478 92.828 93.654 92.152 92.851 95.122 91.964 93.939 93.762 93.275 92.78
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the






























Table 4.13: Threshold test results of market efficiency for profit charging markets (ZIP VS RL-ZIP) (Cont.)
ZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
0.25
All markets charge 5% 95.275 92.794 93.99 93.069 94.015 93.619 95.008 94.418 93.9 96.014 94.338 ⋆93.706
All markets charge 10% 94.55 95.646 93.548 95.844 94.214 93.618 94.22 94.945 95.516 95.233 94.505 ⋆93.718
All markets charge 15% 94.268 94.811 93.027 95.345 95.119 93.648 94.891 95.694 95.584 95.613 94.11 ⋆93.835
5%, 10%, 15%, 20%, 25% 96.013 95.724 94.378 93.219 94.512 93.674 95.03 96.227 93.379 94.954 94.32 ⋆93.746
10%, 20%, 30%, 40%, 50% 96.507 94.595 94.572 92.974 93.664 93.727 96.739 96.129 94.429 94.053 90.721 93.735
15%, 30%, 45%, 60%, 75% 96.728 94.321 93.396 92.768 93.263 93.599 96.946 95.382 96.344 92.427 90.303 ⋆93.694
All free markets 93.685 94.573 94.025 96.255 94.732 93.757 93.937 94.026 96.284 95.315 93.466 93.74
0 (CH)
All markets charge 5% 95.621 96.161 94.004 94.726 96.39 95.451 97.521 96.717 95.113 97.126 96.829 ⋆95.565
All markets charge 10% 97.35 96.486 95.916 95.629 95.777 95.374 96.908 95.801 97.583 97.209 96.771 ⋆95.625
All markets charge 15% 96.315 96.85 97.826 97.638 97.71 95.609 97.466 97.613 97.471 97.436 96.181 ⋆95.786
5%, 10%, 15%, 20%, 25% 98.391 98.838 96.375 94.733 90.764 ⋆95.463 99.146 98.292 97.501 92.648 91.108 95.348
10%, 20%, 30%, 40%, 50% 99.235 98.813 96.77 90.506 80.916 95.097 99.374 98.725 97.808 90.602 84.428 ⋆95.231
15%, 30%, 45%, 60%, 75% 99.466 99.007 95.279 85.449 78.387 94.791 99.069 99.071 95.133 88.815 77.334 94.823
All free markets 95.928 96.086 96.293 93.58 95.954 95.423 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the






























Table 4.14: Threshold test results of market efficiency for registration fee charging markets (ZIP VS RL-ZIP)
ZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets chargeg 0.5 91.167 90.159 93.569 93.294 89.413 ⋆91.819 90.428 91.493 89.716 91.036 91.991 90.678
All markets charge 1 93.37 91.117 87.16 92.904 92.448 ⋆91.938 91.097 90.171 88.455 91.764 89.957 90.709
All markets charge 2 91.79 90.75 92.149 92.346 89.587 ⋆91.848 91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 92.375 91.944 90.705 90.336 91.728 ⋆91.94 91.315 90.73 90.001 91.479 89.601 90.749
1, 2, 3, 4, 5 94.173 92.159 92.598 85.66 89.56 ⋆91.828 93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 95.624 93.46 91.131 89.57 83.277 ⋆91.467 94.217 91.717 88.936 89.927 86.967 90.562
All free markets 90.829 90.885 90.952 92.798 89.371 ⋆91.797 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets chargeg 0.5 90.72 94.617 92.572 90.976 92.261 ⋆92.351 91.82 93.487 94.487 91.348 91.895 91.937
All markets charge 1 94.31 90.911 93.317 91.653 92.025 ⋆92.401 92.118 93.429 92.039 91.747 92.977 91.977
All markets charge 2 91.272 93.947 91.386 91.471 91.85 ⋆92.417 89.811 92.679 91.911 92.705 92.182 92.073
0.5, 1, 1.5, 2.0, 2.5 95.025 92.882 93.486 91.566 89.898 ⋆92.364 91.84 93.574 91.905 93.478 91.126 92.062
1, 2, 3, 4, 5 95.277 92.75 91.196 91.77 87.657 92.261 93.887 93.326 92.86 91.629 90.181 92.062
1, 3, 5, 7, 9 95.995 93.429 91.942 88.834 86.035 92.007 94.341 93.286 91.353 90.666 90.419 91.874
All free markets 90.92 90.427 92.026 93.72 92.136 ⋆92.317 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets chargeg 0.5 93.931 90.927 93.023 93.05 93.083 92.753 93.189 94.18 93.817 92.889 93.602 ⋆92.855
All markets charge 1 92.116 94.703 93.436 93.007 93.572 92.969 94.904 92.755 93.455 94.583 92.323 92.838
All markets charge 2 93.115 93.634 93.078 94.45 94.425 ⋆92.917 93.991 93.369 92.946 93.761 91.126 92.76
0.5, 1, 1.5, 2.0, 2.5 94.795 93.768 93.674 92.077 92.48 ⋆92.836 92.776 92.94 93.776 91.668 92.985 92.681
1, 2, 3, 4, 5 95.577 93.489 93.595 93.952 92.608 92.924 93.5 94.528 95.775 94.499 92.148 92.904
1, 3, 5, 7, 9 95.449 92.465 93.927 91.897 90.786 ⋆92.74 95.825 94.939 92.577 92.739 89.478 92.559
All free markets 92.53 93.478 92.828 93.654 92.152 92.851 95.122 91.964 93.939 93.762 93.275 92.78
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at






























Table 4.15: Threshold test results of market efficiency for registration fee charging markets (ZIP VS RL-ZIP) (Cont.)
ZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
0.25
All markets chargeg 0.5 94.863 93.872 94.019 94.656 92.937 93.567 94.622 93.177 95.509 95.575 95.854 ⋆93.803
All markets charge 1 93.691 94.614 93.841 94.977 94.382 93.624 94.595 95.098 95.495 94.477 95.92 ⋆93.797
All markets charge 2 95.093 94.671 94.481 93.237 95.113 ⋆93.712 95.7 95.057 95.536 95.454 94.398 93.648
0.5, 1, 1.5, 2.0, 2.5 94.201 95.426 94.42 93.684 93.887 93.645 95.105 94.72 93.856 94.429 94.65 ⋆93.754
1, 2, 3, 4, 5 95.358 95.706 96.371 93.301 92.66 93.626 95.606 94.352 95.617 93.525 94.683 ⋆93.743
1, 3, 5, 7, 9 96.024 95.938 94.321 92.402 91.091 93.337 96.603 95.338 94.092 95.533 90.378 ⋆93.514
All free markets 93.685 94.573 94.025 96.255 94.732 93.757 93.937 94.026 96.284 95.315 93.466 93.74
0 (CH)
All markets chargeg 0.5 94.359 93.262 98.101 95.552 96.81 95.447 96.316 95.589 97.758 95.706 96.394 ⋆95.582
All markets charge 1 95.987 96.414 95.92 96.34 94.972 95.477 94.456 97.512 95.756 93.962 95.932 95.48
All markets charge 2 94.596 94.502 96.018 94.253 95.761 95.267 93.498 97 95.806 96.109 95.925 ⋆95.441
0.5, 1, 1.5, 2.0, 2.5 96.737 95.544 96.046 94.584 94.336 95.196 95.959 95.18 95.73 96.006 94.745 ⋆95.298
1, 2, 3, 4, 5 97.69 95.657 95.479 94.495 91.521 95.073 99.201 97.514 96.008 92.829 92.741 ⋆95.231
1, 3, 5, 7, 9 98.103 96.705 94.64 89.906 89.161 94.805 98.159 97.246 94.936 95.174 92.091 ⋆94.953
All free markets 95.928 96.086 96.293 93.58 95.954 95.423 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at






























Table 4.16: Threshold test results of market efficiency for profit charging markets (AZIP VS RL-ZIP)
AZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets charge 5% 89.84 88.785 91.987 91.373 92.742 ⋆92.007 89.359 91.396 92.226 89.874 91.627 90.654
All markets charge 10% 90.704 91.432 91.124 92.702 90.734 ⋆91.976 90.742 91.052 90.298 88.475 88.982 90.786
All markets charge 15% 91.444 91.238 92.199 89.249 91.715 ⋆91.877 91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 92.904 89.704 89.682 93.041 90.705 ⋆91.93 89.854 90.987 91.496 88.051 92.213 90.703
10%, 20%, 30%, 40%, 50% 92.351 93.846 92.409 88.128 89.302 ⋆91.876 92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% 92.799 92.737 89.918 89.676 88.713 ⋆91.898 91.928 91.796 91.828 91.031 86.617 90.738
All free markets 90.349 92.436 92.905 90.239 91.908 ⋆91.833 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets charge 5% 92.026 93.309 91.84 92.847 93.877 ⋆92.446 92.462 93.764 92.537 90.091 90.282 91.946
All markets charge 10% 91.073 94.234 91.999 91.668 91.44 ⋆92.393 92.488 93.177 91.662 91.548 92.168 91.884
All markets charge 15% 92.101 92.757 92.785 91.993 92.298 ⋆92.494 91.982 93.822 92.271 93.646 91.697 92.015
5%, 10%, 15%, 20%, 25% 91.315 91.141 93.623 91.5 92.3 ⋆92.432 90.443 92.213 92.533 92.448 92.514 92.016
10%, 20%, 30%, 40%, 50% 93.079 94.046 93.374 91.454 90.561 ⋆92.426 92.026 93.302 93.201 91.417 91.078 91.975
15%, 30%, 45%, 60%, 75% 94.308 94.112 91.729 92.629 89.926 ⋆92.452 93.085 92.992 92.942 91.633 88.535 91.978
All free markets 91.573 92.557 93.476 91.063 92.873 ⋆92.445 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets charge 5% 94.125 92.938 94.455 91.775 93.959 92.812 92.669 92.901 94.11 92.182 94.656 92.719
All markets charge 10% 91.458 92.195 94.808 93.485 93.036 92.905 95.43 94.069 93.895 93.4 92.706 92.832
All markets charge 15% 93.395 92.792 93.523 93.279 93.587 92.841 93.437 94.245 93.882 93.376 92.774 92.795
5%, 10%, 15%, 20%, 25% 92.703 93.747 94.059 94.253 94.338 92.919 94.194 92.177 94.428 93.159 91.95 92.803
10%, 20%, 30%, 40%, 50% 94.861 94.447 91.243 93.381 90.348 92.896 95.045 95.113 92.464 92.497 92.258 92.803
15%, 30%, 45%, 60%, 75% 95.506 93.828 92.695 92.604 92.897 ⋆92.924 94.896 94.134 93.166 91.56 92.398 92.75
All free markets 94.228 93.479 92.423 93.969 93.574 92.865 95.122 91.964 93.939 93.762 93.275 92.78
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at






























Table 4.17: Threshold test results of market efficiency for profit charging markets (AZIP VS RL-ZIP) (Cont.)
AZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
0.25
All markets charge 5% 95.2 94.903 94.225 95.296 93.671 93.684 95.008 94.418 93.9 96.014 94.338 93.706
All markets charge 10% 94.262 96.011 93.627 93.696 94.536 93.627 94.22 94.945 95.516 95.233 94.505 ⋆93.718
All markets charge 15% 93.703 93.647 95.257 95.804 94.307 93.653 94.891 95.694 95.584 95.613 94.11 ⋆93.835
5%, 10%, 15%, 20%, 25% 95.615 95.298 92.598 94.898 92.949 93.606 95.03 96.227 93.379 94.954 94.32 ⋆93.746
10%, 20%, 30%, 40%, 50% 96.349 94.856 95.216 94.306 92.389 93.615 96.739 96.129 94.429 94.053 90.721 ⋆93.735
15%, 30%, 45%, 60%, 75% 97.163 95.066 92.692 93.666 92.054 93.632 96.946 95.382 96.344 92.427 90.303 ⋆93.694
All free markets 92.79 95.255 94.537 95.058 95.775 93.605 93.937 94.026 96.284 95.315 93.466 ⋆93.74
0 (CH)
All markets charge 5% 96.657 94.718 95.415 95.766 96.978 95.195 97.521 96.717 95.113 97.126 96.829 ⋆95.565
All markets charge 10% 96.58 96.81 97.604 96.563 97.613 95.331 96.908 95.801 97.583 97.209 96.771 ⋆95.625
All markets charge 15% 96.96 97.402 97.884 97.268 96.527 95.329 97.466 97.613 97.471 97.436 96.181 ⋆95.786
5%, 10%, 15%, 20%, 25% 98.656 97.113 97.789 96.291 88.644 95.284 99.146 98.292 97.501 92.648 91.108 ⋆95.348
10%, 20%, 30%, 40%, 50% 99.136 98.313 96.027 95.118 86.611 95.175 99.374 98.725 97.808 90.602 84.428 95.231
15%, 30%, 45%, 60%, 75% 99.346 98.884 96.998 88.161 81.565 ⋆94.839 99.069 99.071 95.133 88.815 77.334 94.823
All free markets 96.806 93.974 97.684 96.743 94.886 95.181 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the






























Table 4.18: Threshold test results of market efficiency for registration fee charging markets (AZIP VS RL-ZIP)
AZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets chargeg 0.5 90.047 92.151 93.185 91.844 91.93 ⋆91.987 90.428 91.493 89.716 91.036 91.991 90.678
All markets charge 1 91.209 91.591 92.714 91.766 90.116 ⋆91.959 91.097 90.171 88.455 91.764 89.957 90.709
All markets charge 2 91.123 88.297 89.328 92.123 90.833 ⋆92.04 91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 92.107 90.972 92.698 92.426 89.147 ⋆92.007 91.315 90.73 90.001 91.479 89.601 90.749
1, 2, 3, 4, 5 93.056 92.759 92.152 88.534 89.255 ⋆91.866 93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 95.76 93.281 90.28 89.012 83.058 ⋆91.671 94.217 91.717 88.936 89.927 86.967 90.562
All free markets 90.349 92.436 92.905 90.239 91.908 ⋆91.833 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets chargeg 0.5 92.372 93.525 93.571 92.788 90.942 ⋆92.413 91.82 93.487 94.487 91.348 91.895 91.937
All markets charge 1 91.901 92.827 93.593 92.442 91.71 ⋆92.43 92.118 93.429 92.039 91.747 92.977 91.977
All markets charge 2 92.034 92.966 92.456 94.267 92.65 ⋆92.455 89.811 92.679 91.911 92.705 92.182 92.073
0.5, 1, 1.5, 2.0, 2.5 94.652 94.877 92.314 91.796 89.79 ⋆92.542 91.84 93.574 91.905 93.478 91.126 92.062
1, 2, 3, 4, 5 96.196 93.038 92.673 89.65 89.146 ⋆92.383 93.887 93.326 92.86 91.629 90.181 92.062
1, 3, 5, 7, 9 95.446 94.926 92.235 88.828 85.744 92.153 94.341 93.286 91.353 90.666 90.419 91.874
All free markets 91.573 92.557 93.476 91.063 92.873 ⋆92.445 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets chargeg 0.5 93.318 94.652 93.114 93.238 92.262 92.793 93.189 94.18 93.817 92.889 93.602 ⋆92.855
All markets charge 1 93.247 93.228 91.275 94.844 93.985 92.899 94.904 92.755 93.455 94.583 92.323 92.838
All markets charge 2 94.348 94.902 92.04 92.112 94.488 ⋆92.938 93.991 93.369 92.946 93.761 91.126 92.76
0.5, 1, 1.5, 2.0, 2.5 94.394 93.944 92.796 94.9 93.34 ⋆92.882 92.776 92.94 93.776 91.668 92.985 92.681
1, 2, 3, 4, 5 95.559 94.357 94.276 88.397 90.459 92.779 93.5 94.528 95.775 94.499 92.148 ⋆92.904
1, 3, 5, 7, 9 96.178 94.975 89.417 89.849 89.105 92.499 95.825 94.939 92.577 92.739 89.478 ⋆92.559
All free markets 94.228 93.479 92.423 93.969 93.574 92.865 95.122 91.964 93.939 93.762 93.275 92.78
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at






























Table 4.19: Threshold test results of market efficiency for registration fee charging markets (AZIP VS RL-ZIP) (Cont.)
AZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
0.25
All markets chargeg 0.5 94.985 94.329 95.971 95.09 93.351 93.604 94.622 93.177 95.509 95.575 95.854 ⋆93.803
All markets charge 1 91.237 94.965 95.477 94.973 95.039 93.528 94.595 95.098 95.495 94.477 95.92 ⋆93.797
All markets charge 2 95.032 94.071 94.125 95.576 92.724 93.62 95.7 95.057 95.536 95.454 94.398 93.648
0.5, 1, 1.5, 2.0, 2.5 95.942 95.548 94.6 93.677 93.492 93.631 95.105 94.72 93.856 94.429 94.65 ⋆93.754
1, 2, 3, 4, 5 95.606 95.941 95.391 94.482 92.691 93.683 95.606 94.352 95.617 93.525 94.683 93.743
1, 3, 5, 7, 9 97.005 94.668 93.62 93.853 88.802 93.253 96.603 95.338 94.092 95.533 90.378 ⋆93.514
All free markets 92.79 95.255 94.537 95.058 95.775 93.605 93.937 94.026 96.284 95.315 93.466 ⋆93.74
0 (CH)
All markets chargeg 0.5 91.908 94.971 97.437 95.967 94.172 95.234 96.316 95.589 97.758 95.706 96.394 ⋆95.582
All markets charge 1 95.546 95.078 95.734 92.993 96.844 95.249 94.456 97.512 95.756 93.962 95.932 ⋆95.48
All markets charge 2 96.322 93.854 96.27 96.705 94.886 95.172 93.498 97 95.806 96.109 95.925 ⋆95.441
0.5, 1, 1.5, 2.0, 2.5 96.174 96.185 95.42 94.385 92.397 95.048 95.959 95.18 95.73 96.006 94.745 ⋆95.298
1, 2, 3, 4, 5 98.583 95.675 95.776 93.493 92.054 94.836 99.201 97.514 96.008 92.829 92.741 ⋆95.231
1, 3, 5, 7, 9 98.527 97.08 97.019 91.722 86.289 94.765 98.159 97.246 94.936 95.174 92.091 ⋆94.953
All free markets 96.806 93.974 97.684 96.743 94.886 95.181 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant






























Table 4.20: Threshold test results of market efficiency for profit charging markets (OZIP VS RL-ZIP)
OZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets charge 5% 90.225 90.429 89.948 92.621 92.061 ⋆91.941 89.359 91.396 92.226 89.874 91.627 90.654
All markets charge 10% 92.308 92.286 89.389 92.199 90.811 ⋆91.96 90.742 91.052 90.298 88.475 88.982 90.786
All markets charge 15% 91.081 92.889 93.124 89.749 89.617 ⋆91.994 91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 90.978 90.696 91.897 93.315 89.843 ⋆91.995 89.854 90.987 91.496 88.051 92.213 90.703
10%, 20%, 30%, 40%, 50% 93.705 91.582 92.658 89.956 89.826 ⋆91.905 92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% 92.322 92.127 91.944 90.563 89.023 ⋆92.024 91.928 91.796 91.828 91.031 86.617 90.738
All free markets 90.824 92.245 89.1 91.652 91.422 ⋆91.879 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets charge 5% 92.537 93.566 92.548 92.237 91.45 ⋆92.403 92.462 93.764 92.537 90.091 90.282 91.946
All markets charge 10% 90.688 91.375 92.145 90.384 93.537 ⋆92.339 92.488 93.177 91.662 91.548 92.168 91.884
All markets charge 15% 93.824 92.504 92.023 92.121 92.299 ⋆92.453 91.982 93.822 92.271 93.646 91.697 92.015
5%, 10%, 15%, 20%, 25% 93.155 92.789 93.699 90.014 90.47 ⋆92.444 90.443 92.213 92.533 92.448 92.514 92.016
10%, 20%, 30%, 40%, 50% 93.902 91.787 91.955 92.95 92.252 ⋆92.35 92.026 93.302 93.201 91.417 91.078 91.975
15%, 30%, 45%, 60%, 75% 93.438 93.417 92.412 91.2 89.891 ⋆92.419 93.085 92.992 92.942 91.633 88.535 91.978
All free markets 91.856 91.603 92.759 91.914 93.89 ⋆92.359 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets charge 5% 93.944 93.107 92.483 91.381 94.37 92.752 92.669 92.901 94.11 92.182 94.656 92.719
All markets charge 10% 91.261 92.625 94.758 93.685 91.745 92.751 95.43 94.069 93.895 93.4 92.706 ⋆92.832
All markets charge 15% 94.25 92.275 94.649 93.941 91.91 92.788 93.437 94.245 93.882 93.376 92.774 ⋆92.795
5%, 10%, 15%, 20%, 25% 93.12 93.494 94.087 92.628 91.257 92.735 94.194 92.177 94.428 93.159 91.95 ⋆92.803
10%, 20%, 30%, 40%, 50% 94.554 94.839 92.36 90.019 89.624 92.753 95.045 95.113 92.464 92.497 92.258 ⋆92.803
15%, 30%, 45%, 60%, 75% 94.413 94.064 92.357 93.646 91.132 92.811 94.896 94.134 93.166 91.56 92.398 92.75
All free markets 95.953 93.297 93.134 91.561 91.137 92.856 95.122 91.964 93.939 93.762 93.275 92.78
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the






























Table 4.21: Threshold test results of market efficiency for profit charging markets (OZIP VS RL-ZIP) (Cont.)
OZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
0.25
All markets charge 5% 94.806 93.819 94.561 95.332 94.562 93.483 95.008 94.418 93.9 96.014 94.338 ⋆93.706
All markets charge 10% 94.921 94.029 93.295 93.401 94.523 93.547 94.22 94.945 95.516 95.233 94.505 ⋆93.718
All markets charge 15% 94.19 93.869 93.891 95.801 95.294 93.519 94.891 95.694 95.584 95.613 94.11 ⋆93.835
5%, 10%, 15%, 20%, 25% 95.517 94.405 93.687 93.192 93.305 93.569 95.03 96.227 93.379 94.954 94.32 ⋆93.746
10%, 20%, 30%, 40%, 50% 95.594 96.312 92.162 93.946 91.854 93.487 96.739 96.129 94.429 94.053 90.721 ⋆93.735
15%, 30%, 45%, 60%, 75% 95.438 95.539 94.286 96.232 89.928 93.631 96.946 95.382 96.344 92.427 90.303 93.694
All free markets 95.726 95.032 93.445 92.965 93.843 93.455 93.937 94.026 96.284 95.315 93.466 ⋆93.74
0 (CH)
All markets charge 5% 97.445 96.375 95.372 95.45 97.383 95.403 97.521 96.717 95.113 97.126 96.829 ⋆95.565
All markets charge 10% 95.995 97.816 98.119 95.448 95.099 95.283 96.908 95.801 97.583 97.209 96.771 ⋆95.625
All markets charge 15% 96.77 96.547 97.543 97.642 97.156 95.278 97.466 97.613 97.471 97.436 96.181 ⋆95.786
5%, 10%, 15%, 20%, 25% 98.91 96.484 97.04 96.258 94.722 95.246 99.146 98.292 97.501 92.648 91.108 ⋆95.348
10%, 20%, 30%, 40%, 50% 98.572 97.615 97.456 91.441 87.975 94.951 99.374 98.725 97.808 90.602 84.428 ⋆95.231
15%, 30%, 45%, 60%, 75% 99.349 99.047 96.447 88.902 82.604 94.856 99.069 99.071 95.133 88.815 77.334 ⋆94.823
All free markets 95.517 94.541 96.422 93.352 95.86 95.128 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at






























Table 4.22: Threshold test results of market efficiency for registration fee charging markets (OZIP VS RL-ZIP)
OZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets chargeg 0.5 90.869 91.85 93.358 93.263 88.657 ⋆91.923 90.428 91.493 89.716 91.036 91.991 90.678
All markets charge 1 91.826 90.947 90.979 91.218 91.297 ⋆91.943 91.097 90.171 88.455 91.764 89.957 90.709
All markets charge 2 89.133 91.115 90.571 91.837 93.213 ⋆91.919 91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 94.281 91.729 88.54 92.067 91.906 ⋆92.033 91.315 90.73 90.001 91.479 89.601 90.749
1, 2, 3, 4, 5 95.64 94.084 91.112 88.618 86.069 ⋆91.894 93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 96.125 90.636 90.624 88.059 81.313 ⋆91.565 94.217 91.717 88.936 89.927 86.967 90.562
All free markets 90.824 92.245 89.1 91.652 91.422 ⋆91.879 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets chargeg 0.5 90.659 92.456 93.308 92.288 89.784 ⋆92.326 91.82 93.487 94.487 91.348 91.895 91.937
All markets charge 1 93.237 90.96 92.101 90.8 93.305 ⋆92.435 92.118 93.429 92.039 91.747 92.977 91.977
All markets charge 2 91.559 93.467 93.887 93.119 91.905 92.356 89.811 92.679 91.911 92.705 92.182 92.073
0.5, 1, 1.5, 2.0, 2.5 94.24 92.297 92.375 92.502 91.355 ⋆92.395 91.84 93.574 91.905 93.478 91.126 92.062
1, 2, 3, 4, 5 93.434 91.694 92.832 93.223 87.982 92.303 93.887 93.326 92.86 91.629 90.181 92.062
1, 3, 5, 7, 9 96.949 92.081 89.361 88.933 83.87 91.98 94.341 93.286 91.353 90.666 90.419 91.874
All free markets 91.856 91.603 92.759 91.914 93.89 ⋆92.359 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets chargeg 0.5 93.596 92.626 93.563 94.012 91.96 92.805 93.189 94.18 93.817 92.889 93.602 ⋆92.855
All markets charge 1 92.46 92.279 94.641 91.891 93.954 92.878 94.904 92.755 93.455 94.583 92.323 92.838
All markets charge 2 93.82 94.249 93.846 92.495 93.349 92.877 93.991 93.369 92.946 93.761 91.126 92.76
0.5, 1, 1.5, 2.0, 2.5 92.621 94.159 92.521 92.137 92.098 92.767 92.776 92.94 93.776 91.668 92.985 92.681
1, 2, 3, 4, 5 95.182 94.116 94.722 91.125 89.233 92.732 93.5 94.528 95.775 94.499 92.148 ⋆92.904
1, 3, 5, 7, 9 95.826 95.077 91.691 88.895 85.357 92.534 95.825 94.939 92.577 92.739 89.478 ⋆92.559
All free markets 95.953 93.297 93.134 91.561 91.137 92.856 95.122 91.964 93.939 93.762 93.275 92.78
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at






























Table 4.23: Threshold test results of market efficiency for registration fee charging markets (OZIP VS RL-ZIP) (Cont.)
OZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
0.25
All markets chargeg 0.5 94.707 94.537 93.827 93.346 94.594 93.534 94.622 93.177 95.509 95.575 95.854 ⋆93.803
All markets charge 1 92.998 93.973 94.389 94.872 94.606 93.606 94.595 95.098 95.495 94.477 95.92 ⋆93.797
All markets charge 2 93.8 95.42 94.26 94.083 94.454 93.585 95.7 95.057 95.536 95.454 94.398 93.648
0.5, 1, 1.5, 2.0, 2.5 94.073 94.704 94.114 93.689 94.413 93.544 95.105 94.72 93.856 94.429 94.65 ⋆93.754
1, 2, 3, 4, 5 96.085 95.979 95.129 92.744 91.174 93.505 95.606 94.352 95.617 93.525 94.683 ⋆93.743
1, 3, 5, 7, 9 95.464 94.579 95.878 92.121 87.842 93.23 96.603 95.338 94.092 95.533 90.378 ⋆93.514
All free markets 95.726 95.032 93.445 92.965 93.843 93.455 93.937 94.026 96.284 95.315 93.466 ⋆93.74
0 (CH)
All markets chargeg 0.5 94.004 96.228 94.041 96.302 96.515 95.153 96.316 95.589 97.758 95.706 96.394 ⋆95.582
All markets charge 1 94.519 95.39 92.886 97.149 96.263 95.163 94.456 97.512 95.756 93.962 95.932 ⋆95.48
All markets charge 2 93.484 95.056 95.877 97.2 94.719 95.284 93.498 97 95.806 96.109 95.925 ⋆95.441
0.5, 1, 1.5, 2.0, 2.5 94.87 97.188 94.628 95.93 93.047 94.917 95.959 95.18 95.73 96.006 94.745 ⋆95.298
1, 2, 3, 4, 5 96.25 96.851 94.756 94.357 92.614 94.914 99.201 97.514 96.008 92.829 92.741 ⋆95.231
1, 3, 5, 7, 9 99.4 95.698 95.694 93.533 86.573 94.737 98.159 97.246 94.936 95.174 92.091 ⋆94.953
All free markets 95.517 94.541 96.422 93.352 95.86 95.128 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant
at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only
the pair-wise test.
Chapter 4. Using Transfer Learning with Trading Strategies 84
To answer the question Q4.2, I will compare the final state of markets involving different trading
strategies. Here, I am going to look at the last-10-day global efficiency of each network market.
The last-10-day global efficiency is the average global efficiency of the last 10 trading days, this
can help us evaluate the performance of learning at the final state. From Figures [4.1a - 4.6c], we
can see that in CDA markets, the last-10-day global efficiency of network markets with transfer
learning traders (zip, azip and ozip) in general is higher than those network markets with non-
transfer learning traders (rl-zip). In order to make a more precise comparison, let’s look at the
results of the last-10-day average market efficiency that are shown in Tables [4.24 - 4.26]. Each
value shown in these tables gives the average of last 10 trading day market efficiency for all 50 runs
(Each experiment was repeated 50 times). Similarly to the overall global efficiency results, in CDA
markets, transfer learning trading strategies give significantly higher last-10-day global efficiencies
than non-transfer learning strategies do for all scenarios for pair-wise tests. Even if we considered
the family-wise error rates, in most cases, transfer learning trading strategies still give significantly
higher last-10-day global efficiencies than non-transfer learning strategies do. This means that
transfer learning strategies can generate better final global efficiency in CDA markets.
The results of the last-10-day average market efficiency for CH markets are shown in Tables [4.27
- 4.29]. Again, similarly to the overall global efficiency results, in most of cases, network markets
with non-transfer learning trading strategy traders have higher last-10-day global efficiency than
those network markets with transfer learning trading strategy traders.
According to the results above, we can conclude that, in CDA markets, we could use transfer
learning on trading strategies to improve the overall market efficiency and the final global market
efficiency. However, in CH markets, I am unable to apply transfer learning to trading strategies to





























Table 4.24: Last-10-day market efficiency of zip and rl-zip in CDA
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% ◦91.893 90.925 89.563 90.142 81.329 ⋆92.415 86.991 89.892 91.366 ◦91.504 90.661 91.295
All markets charge 10% ◦92.319 90.793 88.411 88.967 86.844 ⋆92.631 87.986 ◦90.736 88.671 87.889 85.857 91.378
All markets charge 15% 88.379 ◦91.801 87.573 88.895 90.566 ⋆92.216 ◦90.296 89.463 88.247 88.705 85.436 91.371
5%, 10%, 15%, 20%, 25% ◦91.206 91.109 88.485 89.439 88.409 ⋆92.988 87.682 89.979 ◦92.474 86.128 89.761 90.98
10%, 20%, 30%, 40%, 50% ◦91.986 86.754 89.518 89.718 86.416 ⋆92.373 ◦94.513 89.439 90.61 88.123 89.76 91.045
15%, 30%, 45%, 60%, 75% 92.047 ◦93.255 85.52 88.754 88.794 ⋆92.614 90.961 91.095 ◦92.286 85.321 83.369 90.818
Registration Fee
All markets chargeg 0.5 88.574 86.307 ◦91.897 90.19 87.524 ⋆92.176 88.422 ◦92.399 89.521 91.093 90.218 91.395
All markets charge 1 ◦93.343 89.702 84.189 92.796 91.772 ⋆92.432 90.385 88.224 84.578 ◦90.708 87.37 91.056
All markets charge 2 88.501 86.759 ◦90.305 89.738 88.322 ⋆91.941 89.38 88.086 ◦89.634 87.484 88.11 91.149
0.5, 1, 1.5, 2.0, 2.5 92.431 90.158 86.087 86.18 ◦93.105 ⋆92.497 ◦92.491 91.628 88.074 87.101 88.819 91.379
1, 2, 3, 4, 5 ◦92.315 91.008 91.716 80.265 91.018 ⋆92.199 ◦93.715 92.296 91.414 86.938 87.607 91.528
1, 3, 5, 7, 9 ◦95.751 93.353 87.316 82.006 70.287 ⋆91.7 ◦94.494 89.721 86.76 84.678 83.534 90.072
Free of Charges All free markets 89.555 90.054 91.245 ◦91.637 88.489 ⋆92.198 89.614 89.979 88.638 91.146 ◦91.68 91.615
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦ next





























Table 4.25: Last-10-day market efficiency of azip and rl-zip in CDA
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 86.473 82.246 90.5 88.849 ◦93.108 ⭐92.179 86.991 89.892 91.366 ◦91.504 90.661 91.295
All markets charge 10% 90.355 88.291 ◦90.821 89.855 90.466 ⋆92.829 87.986 ◦90.736 88.671 87.889 85.857 91.378
All markets charge 15% 88.125 87.377 ◦90.471 85.467 89.084 ⭐91.826 ◦90.296 89.463 88.247 88.705 85.436 91.371
5%, 10%, 15%, 20%, 25% ◦92.254 89.262 88.497 91.989 87.729 ⋆92.052 87.682 89.979 ◦92.474 86.128 89.761 90.98
10%, 20%, 30%, 40%, 50% 90.948 ◦91.818 89.019 83.989 86.694 ⭐92.115 ◦94.513 89.439 90.61 88.123 89.76 91.045
15%, 30%, 45%, 60%, 75% ◦91.445 91.01 85.308 88.515 86.46 ⋆92.393 90.961 91.095 ◦92.286 85.321 83.369 90.818
Registration Fee
All markets chargeg 0.5 85.82 ◦92.239 91.837 91.215 89.011 ⭐92.175 88.422 ◦92.399 89.521 91.093 90.218 91.395
All markets charge 1 86.967 87.99 91.219 ◦92.373 88.096 ⋆92.41 90.385 88.224 84.578 ◦90.708 87.37 91.056
All markets charge 2 90.815 84.169 88.166 ◦90.993 89.29 ⋆92.594 89.38 88.086 ◦89.634 87.484 88.11 91.149
0.5, 1, 1.5, 2.0, 2.5 90.657 91.504 ◦93.769 93.291 85.992 ⋆93.028 ◦92.491 91.628 88.074 87.101 88.819 91.379
1, 2, 3, 4, 5 ◦93.456 92 88.166 81.711 83.887 ⭐91.696 ◦93.715 92.296 91.414 86.938 87.607 91.528
1, 3, 5, 7, 9 ◦97.11 91.043 87.754 83.858 73.542 ⋆92.178 ◦94.494 89.721 86.76 84.678 83.534 90.072
Free of Charges All free markets 88.895 ◦92.879 92.29 85.382 89.342 ⭐92.475 89.614 89.979 88.638 91.146 ◦91.68 91.615
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦ next





























Table 4.26: Last-10-day market efficiency of ozip and rl-zip in CDA
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 86.693 89.13 86.405 ◦92.224 89.749 ⋆92.622 86.991 89.892 91.366 ◦91.504 90.661 91.295
All markets charge 10% 90.552 ◦90.627 85.471 87.83 89.135 ⭐92.341 87.986 ◦90.736 88.671 87.889 85.857 91.378
All markets charge 15% 88.986 90.567 ◦91.603 86.26 86.142 ⭐91.844 ◦90.296 89.463 88.247 88.705 85.436 91.371
5%, 10%, 15%, 20%, 25% 88.516 87.302 89.777 ◦92.076 85.337 ⋆92.445 87.682 89.979 ◦92.474 86.128 89.761 90.98
10%, 20%, 30%, 40%, 50% ◦93.358 91.138 89.369 87.242 88.839 ⭐92.182 ◦94.513 89.439 90.61 88.123 89.76 91.045
15%, 30%, 45%, 60%, 75% 87.915 ◦90.605 89.704 88.519 84.602 ⋆92.111 90.961 ◦91.095 92.286 85.321 83.369 90.818
Registration Fee
All markets chargeg 0.5 90.195 89.948 91.272 ◦93.22 87.654 ⭐92.262 88.422 ◦92.399 89.521 91.093 90.218 91.395
All markets charge 1 87.152 88.395 ◦90.877 88.384 90.549 ⭐92.255 90.385 88.224 84.578 ◦90.708 87.37 91.056
All markets charge 2 87.575 88.463 88.587 91.006 ◦92.597 ⋆92.043 89.38 88.086 ◦89.634 87.484 88.11 91.149
0.5, 1, 1.5, 2.0, 2.5 ◦93.888 90.237 86.892 90.978 88.54 ⋆92.704 ◦92.491 91.628 88.074 87.101 88.819 91.379
1, 2, 3, 4, 5 ◦96.161 92.602 90.116 85.002 78.544 ⭐92.141 ◦93.715 92.296 91.414 86.938 87.607 91.528
1, 3, 5, 7, 9 ◦96.707 88.465 86.462 80.416 72.786 ⋆92.03 ◦94.494 89.721 86.76 84.678 83.534 90.072
Free of Charges All free markets 86.712 ◦91.823 85.658 87.977 90.139 ⭐92.725 89.614 89.979 88.638 91.146 ◦91.68 91.615
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦ next





























Table 4.27: Last-10-day market efficiency of zip and rl-zip in CH
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 92.943 ◦96.065 91.791 94.898 94.16 95.91 95.22 ◦96.539 93.208 98.441 96.219 ⭐95.931
All markets charge 10% ◦97.111 95.439 95.198 95.033 93.347 ⭐96.008 94.421 94.666 ◦97.116 96.705 96.716 95.921
All markets charge 15% 95.834 95.36 97.465 98.045 ◦98.064 95.984 ◦97.607 97.509 97.053 96.093 93.561 ⭐96.273
5%, 10%, 15%, 20%, 25% 98.801 ◦99.112 94.453 88.171 84.417 95.249 ◦99.38 98.616 95.589 89.16 83.064 ⋆95.776
10%, 20%, 30%, 40%, 50% ◦99.627 98.619 92.432 81.375 65.533 ⭐95.423 ◦99.577 98.763 95.46 78.551 66.89 95.16
15%, 30%, 45%, 60%, 75% ◦99.679 99.035 89.416 72.828 59.585 ⭐94.907 ◦99.698 99.049 91.699 67.595 61.53 94.707
Registration Fee
All markets chargeg 0.5 92.434 90.833 ◦96.999 92.662 96.956 95.92 92.733 92.129 ◦97.344 93.03 96.509 ⭐96.033
All markets charge 1 93.572 ◦94.979 92.941 94.683 93.353 95.388 92.662 ◦95.742 92.925 89.201 94.937 ⋆95.884
All markets charge 2 90.909 88.064 94.195 ◦95.279 92.16 95.379 94.037 93.635 ◦95.759 93.268 94.39 ⋆95.817
0.5, 1, 1.5, 2.0, 2.5 95.226 94.176 ◦95.506 89.945 92.107 95.904 93.63 93.931 93.792 ◦94.333 92.463 ⭐96.019
1, 2, 3, 4, 5 ◦95.686 93.751 93.483 88.951 89.372 95.507 ◦99.426 96.975 94.889 90.005 91.226 95.496
1, 3, 5, 7, 9 ◦97.462 96.715 93.423 80.737 79.869 94.841 ◦99.362 96.284 91.688 91.882 84.402 ⭐95.215
Free of Charges All free markets 93.431 93.421 ◦95.77 90.597 94.551 96.026 95.147 94.786 ◦97.68 94.721 97.322 96.076
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦ next to





























Table 4.28: Last-10-day allocative efficiency of azip and rl-zip in CH
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 94.608 93.367 93.73 92.569 ◦96.724 95.62 95.22 96.539 93.208 ◦98.441 96.219 ⭐95.931
All markets charge 10% ◦97.602 96.425 96.386 97.005 96.776 95.596 94.421 94.666 ◦97.116 96.705 96.716 ⭐95.921
All markets charge 15% 96.113 95.441 ◦97.281 95.666 93.878 95.619 ◦97.607 97.509 97.053 96.093 93.561 ⋆96.273
5%, 10%, 15%, 20%, 25% ◦98.702 96.537 95.773 93.336 80.287 95.296 ◦99.38 98.616 95.589 89.16 83.064 ⋆95.776
10%, 20%, 30%, 40%, 50% ◦99.505 98.735 93.185 89.383 68.636 95.057 ◦99.577 98.763 95.46 78.551 66.89 ⭐95.16
15%, 30%, 45%, 60%, 75% ◦99.635 99.258 92.985 71.28 60.467 ⭐94.793 ◦99.698 99.049 91.699 67.595 61.53 94.707
Registration Fee
All markets chargeg 0.5 86.927 94.225 ◦96.325 93.237 90.769 95.54 92.733 92.129 ◦97.344 93.03 96.509 ⋆96.033
All markets charge 1 92.429 94.269 ◦94.735 89.169 93.731 95.479 92.662 ◦95.742 92.925 89.201 94.937 ⭐95.884
All markets charge 2 92.027 89.544 93.87 94.046 ◦93.935 95.346 94.037 93.635 ◦95.759 93.268 94.39 ⋆95.817
0.5, 1, 1.5, 2.0, 2.5 94.668 ◦95.778 95.348 91.411 87.277 95.404 93.63 ◦93.931 93.792 94.333 92.463 ⋆96.019
1, 2, 3, 4, 5 ◦99.422 95.549 91.675 87.675 87.133 95.151 ◦99.426 96.975 94.889 90.005 91.226 ⭐95.496
1, 3, 5, 7, 9 ◦99.148 94.012 93.948 86.681 80.461 95.009 ◦99.362 96.284 91.688 91.882 84.402 ⭐95.215
Free of Charges All free markets 96.694 91.57 ◦97.406 94.973 91.477 95.725 95.147 94.786 ◦97.68 94.721 97.322 ⭐96.076
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦ next





























Table 4.29: Last-10-day market efficiency of ozip and rl-zip in CH
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 95.351 95.78 96.056 94.969 ◦97.272 95.805 95.22 96.539 93.208 ◦98.441 96.219 ⋆95.931
All markets charge 10% 95.316 95.592 ◦98.633 91.401 94.353 95.798 94.421 94.666 ◦97.116 96.705 96.716 ⋆95.921
All markets charge 15% 94.155 ◦97.686 96.38 97.564 95.743 95.976 ◦97.607 97.509 97.053 96.093 93.561 ⋆96.273
5%, 10%, 15%, 20%, 25% ◦99.285 94.732 97.194 94.498 90.357 95.556 ◦99.38 98.616 95.589 89.16 83.064 ⋆95.776
10%, 20%, 30%, 40%, 50% ◦98.629 97.892 96.252 82.454 73.797 94.883 ◦99.577 98.763 95.46 78.551 66.89 ⋆95.16
15%, 30%, 45%, 60%, 75% ◦99.649 99.001 94.567 70.067 59.274 94.169 ◦99.698 99.049 91.699 67.595 61.53 ⋆94.707
Registration Fee
All markets chargeg 0.5 92.889 95.175 90.605 ◦96.864 96.562 95.507 92.733 92.129 ◦97.344 93.03 96.509 ⋆96.033
All markets charge 1 91.533 94.645 92.277 ◦95.856 94.234 95.509 92.662 ◦95.742 92.925 89.201 94.937 ⋆95.884
All markets charge 2 94.274 ◦95.941 94.422 94.678 92.42 95.673 94.037 93.635 ◦95.759 93.268 94.39 ⋆95.817
0.5, 1, 1.5, 2.0, 2.5 91.723 ◦96.848 90.295 94.158 92.878 95.29 93.63 93.931 93.792 ◦94.333 92.463 ⋆96.019
1, 2, 3, 4, 5 ◦96.356 94.415 93.535 92.817 89.163 95.331 ◦99.426 96.975 94.889 90.005 91.226 ⋆95.496
1, 3, 5, 7, 9 ◦99.693 96.261 91.111 86.667 77.973 94.624 ◦99.362 96.284 91.688 91.882 84.402 ⋆95.215
Free of Charges All free markets ◦95.73 87.367 93.812 92.203 94.027 95.568 95.147 94.786 ◦97.68 94.721 97.322 ⋆96.076
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for both
family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and with a ◦
next to them indicate that they are the highest invididual market efficiency of each comparison.
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4.5.2 Coefficient of convergence
As I mentioned in Chapter 2, market efficiency tells us how close the actual overall revenue is to the
theoretical overall revenue. However, it says nothing about how close a market is to trading at the
equilibrium price. The coefficient of convergence α, as mentioned in Chapter 2, introduced by Smith
[Smith, 1962] can be used to measure the deviation of transaction prices from the equilibrium price.
Similarly, the global coefficient of convergence (described in Section 4.3), can be used to measure
the deviation of transaction prices from the global equilibrium price.
The results for coefficient of convergence (α) in CDA markets are shown in Tables [4.30 - 4.38].
For the global coefficient of convergence comparison, similar to the global efficiency comparisons,
in order to make sure one global value is significantly better than the other one, I used the Mann-
Whitney U test between two populations of global αs. And again I carried out the Holm-Bonferroni
procedure to handle the family-wise error rates. For each comparison, if one global value is sig-
nificantly better (global α value is lower) than the other at the 95% level for both pair-wise and
family-wise tests, then this number will be in bold and has a ⋆ before it, if one global value is
significantly better than the other at the 95% level only for the pair-wise test, then it will have a
⭐ before it. As we can see from the results, for all three comparisons, transfer learning trading
strategies (zip, azip and ozip) outperform (have significantly lower global coefficient of convergence
than) the non-transfer learning trading strategy (rl-zip) for both pair-wise and family-wise tests.
I also plotted the daily average global α values in Figures [4.7a - 4.12c]. From those figures, we can
clearly see that, in CDA markets, the global αs of transfer learning strategies are lower than those
of the non-transfer learning strategy.
When we look at the αs of each individual markets, we can easily find out that transfer learning
trading strategies in general give us lower α values than the non-transfer learning trading strategy
does. This suggests that, in CDA markets, when traders use trade information to learn from previ-
ous market/markets, in general it can help the market as a whole to trade close to the equilibrium
price.
The results of these measurements in CH markets are shown in Tables [4.33 - 4.35]. Table 4.33
gives the comparison results for zip and rl-zip. The results show that the zip strategy tends to
have lower global α values than the rl-zip strategy. The comparison results of azip and ozip VS
rl-zip are shown in Table 4.34 and Table 4.35. In these two comparisons, the rl-zip strategy in





























Table 4.30: Coefficient of convengence of zip and rl-zip in CDA
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.2999 6.3211 6.1914 6.3865 6.6193 ⋆11.148 7.3613 7.0158 6.5797 7.2783 7.1884 11.994
All markets charge 10% 6.3353 6.2041 6.346 6.4015 6.5972 ⋆11.157 6.8234 6.9945 7.032 7.3632 7.1144 11.847
All markets charge 15% 6.5751 6.3912 6.3088 6.1577 6.3673 ⋆11.214 7.1754 7.0286 7.0216 6.9211 6.9517 11.791
5%, 10%, 15%, 20%, 25% 6.3709 6.3113 6.3459 6.3339 6.4772 ⋆11.131 7.3477 7.2026 6.8151 7.5456 6.6897 11.935
10%, 20%, 30%, 40%, 50% 6.2175 6.2646 6.3131 6.4635 6.572 ⋆11.054 6.6842 6.8412 6.9628 7.3832 7.3205 11.845
15%, 30%, 45%, 60%, 75% 6.3052 6.1634 6.3271 6.2521 6.341 ⋆11.072 6.6385 6.7249 6.9778 7.0619 7.7231 11.915
Registration Fee
All markets chargeg 0.5 6.3889 6.7057 6.0596 6.3584 6.4354 ⋆11.136 6.9809 6.9955 7.0209 7.0317 6.9667 12.013
All markets charge 1 6.3106 6.5031 6.5487 6.1765 6.3647 ⋆11.093 7.0903 7.0168 7.3913 6.7379 7.1408 11.867
All markets charge 2 6.4366 6.4125 6.3759 6.2424 6.4769 ⋆11.094 6.841 7.0201 7.4086 7.2253 6.9466 11.837
0.5, 1, 1.5, 2.0, 2.5 5.7717 6.1738 6.8094 7.2107 6.6743 ⋆10.831 6.5687 6.9427 7.2248 7.3492 7.9587 11.861
1, 2, 3, 4, 5 5.4418 6.1775 6.9588 7.903 7.9535 ⋆10.734 6.2301 6.6275 7.4045 7.9385 7.941 11.792
1, 3, 5, 7, 9 4.9455 6.4362 7.4113 8.5955 10.018 ⋆10.909 5.6487 7.004 8.2661 8.61 9.7527 11.884
Free of Charges All free markets 6.4291 6.2195 6.5497 6.2873 6.4561 ⋆11.207 6.6626 7.3638 7.3049 7.1294 7.0114 11.835
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are






























Table 4.31: Coefficient of convengence of azip and rl-zip in CDA
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.4005 6.5241 6.3703 6.0986 6.3054 ⋆10.994 7.3613 7.0158 6.5797 7.2783 7.1884 11.994
All markets charge 10% 6.1668 6.4469 6.3016 6.1307 6.3379 ⋆11.153 6.8234 6.9945 7.032 7.3632 7.1144 11.847
All markets charge 15% 6.0874 6.5394 6.1955 6.5102 6.3617 ⋆11.181 7.1754 7.0286 7.0216 6.9211 6.9517 11.791
5%, 10%, 15%, 20%, 25% 6.1172 6.3414 6.2972 6.3021 6.437 ⋆11.217 7.3477 7.2026 6.8151 7.5456 6.6897 11.935
10%, 20%, 30%, 40%, 50% 6.3157 6.0153 6.3214 6.6252 6.5288 ⋆11.188 6.6842 6.8412 6.9628 7.3832 7.3205 11.845
15%, 30%, 45%, 60%, 75% 5.8817 6.2182 6.4134 6.3474 6.8832 ⋆11.185 6.6385 6.7249 6.9778 7.0619 7.7231 11.915
Registration Fee
All markets chargeg 0.5 6.3199 6.1596 6.2541 6.6374 6.2191 ⋆11.14 6.9809 6.9955 7.0209 7.0317 6.9667 12.013
All markets charge 1 6.1783 6.5109 6.3242 6.4305 6.1328 ⋆11.19 7.0903 7.0168 7.3913 6.7379 7.1408 11.867
All markets charge 2 6.243 6.5664 6.4121 6.2392 6.4394 ⋆11.026 6.841 7.0201 7.4086 7.2253 6.9466 11.837
0.5, 1, 1.5, 2.0, 2.5 5.7441 6.1525 6.3783 6.8682 7.3543 ⋆10.95 6.5687 6.9427 7.2248 7.3492 7.9587 11.861
1, 2, 3, 4, 5 5.2797 6.2327 7.023 7.4304 7.95 ⋆10.777 6.2301 6.6275 7.4045 7.9385 7.941 11.792
1, 3, 5, 7, 9 4.8567 6.4406 7.6266 8.3151 9.4525 ⋆10.708 5.6487 7.004 8.2661 8.61 9.7527 11.884
Free of Charges All free markets 6.4108 6.3616 6.0903 6.5019 6.6457 ⋆11.252 6.6626 7.3638 7.3049 7.1294 7.0114 11.835
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are






























Table 4.32: Coefficient of convengence of ozip and rl-zip in CDA
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.3735 6.5209 6.5758 6.2937 6.3101 ⋆11.198 7.3613 7.0158 6.5797 7.2783 7.1884 11.994
All markets charge 10% 6.4391 6.28 6.3574 6.3955 6.6071 ⋆11.332 6.8234 6.9945 7.032 7.3632 7.1144 11.847
All markets charge 15% 6.3834 6.2275 6.158 6.6053 6.2958 ⋆11.193 7.1754 7.0286 7.0216 6.9211 6.9517 11.791
5%, 10%, 15%, 20%, 25% 6.3434 6.4478 6.1921 6.2457 6.5786 ⋆11.256 7.3477 7.2026 6.8151 7.5456 6.6897 11.935
10%, 20%, 30%, 40%, 50% 6.1031 6.2861 6.1803 6.6196 6.6996 ⋆11.327 6.6842 6.8412 6.9628 7.3832 7.3205 11.845
15%, 30%, 45%, 60%, 75% 6.2242 6.3745 6.0732 6.4494 6.6927 ⋆11.235 6.6385 6.7249 6.9778 7.0619 7.7231 11.915
Registration Fee
All markets chargeg 0.5 6.4085 6.3898 6.4028 6.156 6.7596 ⋆11.359 6.9809 6.9955 7.0209 7.0317 6.9667 12.013
All markets charge 1 6.3422 6.6627 6.3585 6.4571 6.3656 ⋆11.272 7.0903 7.0168 7.3913 6.7379 7.1408 11.867
All markets charge 2 6.6337 6.4007 6.4243 6.4136 6.0728 ⋆11.275 6.841 7.0201 7.4086 7.2253 6.9466 11.837
0.5, 1, 1.5, 2.0, 2.5 5.6601 6.3684 6.8903 6.8718 6.9902 ⋆10.921 6.5687 6.9427 7.2248 7.3492 7.9587 11.861
1, 2, 3, 4, 5 5.3028 6.3205 6.9444 7.6017 8.5902 ⋆10.917 6.2301 6.6275 7.4045 7.9385 7.941 11.792
1, 3, 5, 7, 9 4.8478 6.7093 7.4648 8.5049 10.447 ⋆10.677 5.6487 7.004 8.2661 8.61 9.7527 11.884
Free of Charges All free markets 6.2115 6.5103 6.468 6.3843 6.3001 ⋆11.296 6.6626 7.3638 7.3049 7.1294 7.0114 11.835
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are
significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only
the pair-wise test.
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(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure 4.7: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 5%, 10%, 15%, 20%, 25% profit fees. In each plot, the dotted line indicates non-
transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip
or ozip).






(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure 4.8: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 10%, 20%, 30%, 40%, 40% profit fees. In each plot, the dotted line indicates non-
transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip
or ozip).






(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure 4.9: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 15%, 30%, 45%, 60%, 75% profit fees. In each plot, the dotted line indicates non-
transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip
or ozip).
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(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure 4.10: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 0.5, 1.0, 1.5, 2.0, 2.5 registration fees. In each plot, the dotted line indicates non-
transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip
or ozip).






(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure 4.11: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 1.0, 2.0, 3.0, 4.0, 5.0 registration fees. In each plot, the dotted line indicates non-
transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip
or ozip).






(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure 4.12: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 1.0, 3.0, 5.0, 7.0, 9.0 registration fees. In each plot, the dotted line indicates non-






























Table 4.33: Coefficient of convengence of zip and rl-zip in CH
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.9901 7.4279 7.5838 7.7797 7.8894 ⋆8.556 8.0527 7.8753 8.1199 8.0767 8.295 8.8792
All markets charge 10% 8.1579 7.9812 7.7827 7.9875 7.8505 ⋆8.76 8.1212 8.0347 8.3451 7.8611 8.0702 8.9841
All markets charge 15% 7.9616 7.5975 7.949 7.6125 7.9434 ⋆8.7162 7.8204 8.4597 8.0582 8.1718 7.8073 8.9164
5%, 10%, 15%, 20%, 25% 7.9548 7.5501 7.7602 7.5986 7.6253 ⋆8.5932 8.2081 8.1094 7.9811 8.3588 8.3621 8.9933
10%, 20%, 30%, 40%, 50% 8.301 7.8017 7.5001 7.4031 7.6622 ⋆8.5656 8.1336 7.8147 7.9207 7.7475 7.9766 8.9342
15%, 30%, 45%, 60%, 75% 8.1945 7.7526 7.5484 7.8418 8.0304 ⋆8.6372 8.2982 7.9563 7.7721 7.9188 8.338 8.8644
Registration Fee
All markets chargeg 0.5 7.8913 7.6667 7.9857 7.5819 8.055 ⋆8.5222 8.1083 8.4176 8.3745 7.8832 7.944 8.82
All markets charge 1 7.9505 7.9101 7.7668 7.9251 7.697 ⋆8.5813 8.2653 8.0277 8.0366 8.1233 8.2466 8.829
All markets charge 2 8.4687 7.7631 7.5877 7.6864 7.7601 ⋆8.6569 8.1925 8.1861 7.9714 8.189 7.8759 8.9
0.5, 1, 1.5, 2.0, 2.5 7.2151 8.1442 8.0413 8.9431 9.0823 ⋆8.2133 7.3495 8.4075 8.1833 8.6798 9.4738 8.5487
1, 2, 3, 4, 5 7.0523 7.8323 8.6256 8.9935 9.904 ⋆8.1392 7.1966 8.7303 8.9786 9.1181 9.4627 8.3559
1, 3, 5, 7, 9 6.2351 7.8831 9.5321 10.332 10.599 ⋆8.0144 6.4082 8.1828 9.2861 10.821 11.549 8.3359
Free of Charges All free markets 7.7841 7.9388 7.6816 7.6964 7.9392 ⋆8.5873 7.8105 8.0384 8.1724 8.062 8.2413 8.9196
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are






























Table 4.34: Coefficient of convengence of azip and rl-zip in CH
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.5453 7.6719 7.6237 7.6021 7.5426 9.117 8.0527 7.8753 8.1199 8.0767 8.295 ⋆8.8792
All markets charge 10% 7.2777 7.9467 7.5764 7.623 7.5725 9.2608 8.1212 8.0347 8.3451 7.8611 8.0702 ⋆8.9841
All markets charge 15% 7.4434 7.6071 7.7804 7.2404 7.7046 9.3827 7.8204 8.4597 8.0582 8.1718 7.8073 ⋆8.9164
5%, 10%, 15%, 20%, 25% 7.8113 7.3728 7.523 7.1662 7.487 ⋆8.976 8.2081 8.1094 7.9811 8.3588 8.3621 8.9933
10%, 20%, 30%, 40%, 50% 7.5546 7.5577 7.3811 7.189 7.5033 8.9654 8.1336 7.8147 7.9207 7.7475 7.9766 8.9342
15%, 30%, 45%, 60%, 75% 7.4012 7.0812 7.2279 7.4784 8.0055 9.0191 8.2982 7.9563 7.7721 7.9188 8.338 ⭐8.8644
Registration Fee
All markets chargeg 0.5 7.6552 7.4115 7.609 7.6564 7.5653 8.8333 8.1083 8.4176 8.3745 7.8832 7.944 8.82
All markets charge 1 7.3855 7.6675 7.2021 7.8695 7.6882 8.9462 8.2653 8.0277 8.0366 8.1233 8.2466 ⭐8.829
All markets charge 2 7.741 7.5605 7.4541 7.4231 7.6962 9.0287 8.1925 8.1861 7.9714 8.189 7.8759 8.9
0.5, 1, 1.5, 2.0, 2.5 7.128 7.6964 8.3134 8.106 9.07 8.5894 7.3495 8.4075 8.1833 8.6798 9.4738 8.5487
1, 2, 3, 4, 5 6.6016 7.8294 8.5994 9.2935 9.559 8.4702 7.1966 8.7303 8.9786 9.1181 9.4627 8.3559
1, 3, 5, 7, 9 5.9734 8.0514 9.1181 9.3346 11.226 ⋆8.1443 6.4082 8.1828 9.2861 10.821 11.549 8.3359
Free of Charges All free markets 7.7845 7.4844 7.6535 7.653 7.5716 9.152 7.8105 8.0384 8.1724 8.062 8.2413 ⋆8.9196
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are






























Table 4.35: Coefficient of convengence of ozip and rl-zip in CH
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.558 7.2293 7.5826 7.4889 7.364 9.0764 8.0527 7.8753 8.1199 8.0767 8.295 ⋆8.8792
All markets charge 10% 7.6111 7.6598 7.6115 7.8126 7.096 9.3445 8.1212 8.0347 8.3451 7.8611 8.0702 ⋆8.9841
All markets charge 15% 7.5147 7.5511 7.5814 7.5104 7.8271 9.4743 7.8204 8.4597 8.0582 8.1718 7.8073 ⋆8.9164
5%, 10%, 15%, 20%, 25% 7.6646 7.6422 7.6826 7.3114 7.5047 9.3067 8.2081 8.1094 7.9811 8.3588 8.3621 ⋆8.9933
10%, 20%, 30%, 40%, 50% 7.6995 7.6696 7.2135 7.6918 7.6977 9.263 8.1336 7.8147 7.9207 7.7475 7.9766 ⋆8.9342
15%, 30%, 45%, 60%, 75% 7.3144 7.4939 7.1828 7.3911 8.0889 9.1287 8.2982 7.9563 7.7721 7.9188 8.338 ⋆8.8644
Registration Fee
All markets chargeg 0.5 7.8446 7.5361 7.5271 7.4563 7.8693 9.186 8.1083 8.4176 8.3745 7.8832 7.944 ⋆8.82
All markets charge 1 7.7837 7.8816 7.6658 7.1402 7.4244 9.1792 8.2653 8.0277 8.0366 8.1233 8.2466 ⋆8.829
All markets charge 2 7.5397 7.5305 7.3127 7.6153 7.4795 8.9965 8.1925 8.1861 7.9714 8.189 7.8759 8.9
0.5, 1, 1.5, 2.0, 2.5 6.6781 8.2666 8.0954 8.5246 9.0526 8.7116 7.3495 8.4075 8.1833 8.6798 9.4738 ⋆8.5487
1, 2, 3, 4, 5 6.5237 7.6876 8.5759 8.525 9.9394 8.455 7.1966 8.7303 8.9786 9.1181 9.4627 8.3559
1, 3, 5, 7, 9 5.9641 8.1689 9.1174 10.134 10.973 ⋆8.1939 6.4082 8.1828 9.2861 10.821 11.549 8.3359
Free of Charges All free markets 7.4676 7.5228 7.6617 7.4521 7.5586 9.17 7.8105 8.0384 8.1724 8.062 8.2413 ⋆8.9196
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are
significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the
pair-wise test.
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For the final learning state comparison, let’s look at the last-10-day global coefficient of convergence
results. Similar to the last-10-day global efficiency, the last-10-day global coefficient of convergence
is the average global coefficient of convergence of the last 10 trading day, which are day 391 to day
400 in my experiments. The results are shown in Tables [4.36 - 4.41]. Again, in CDA markets,
transfer learning strategies give us significantly lower global coefficients of convergence than the non-
transfer learning strategy (rl-zip) does. In CH markets, the zip strategy tends to have significantly
lower global αs than rl-zip does in general. For the azip strategy, similar to the overall global
coefficient of convergence results, rl-zip tends to have lower global α than azip does. However,
when we look at the ozip strategy results, although the overall global αs are higher than the rl-zip
(from Table 4.35) in most of cases (only 1 exception), in around half the cases, the ozip strategy
gives us lower last-10-day global αs than the rl-zip does, especially when markets charge different
registration fees. Since unlike profit fees, higher registration fees can help a market to prevent
extra-marginal traders from entering this market [Niu et al., 2008d], this may help to increase the
market efficiency (there are less extra-marginal traders to “steal” trades away from intra-marginal
traders), which in turn will lead to less moving traders in late stage. Therefore, transfer learning
strategies like ozip can have more accurate information transferred over, which helps to generate





























Table 4.36: Last-10-day coefficient of convengence of zip and rl-zip in CDA
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.6617 7.1239 5.7792 6.5472 7.0633 ⋆10.485 7.4435 7.4244 6.521 7.3632 7.2793 11.498
All markets charge 10% 5.9568 5.9735 6.206 6.496 5.8336 ⋆10.516 5.9878 7.2048 7.1688 7.5334 7.9966 11.366
All markets charge 15% 6.2234 6.1805 5.9179 6.2736 6.2945 ⋆10.909 7.4821 6.9465 6.6319 7.0821 6.7124 11.473
5%, 10%, 15%, 20%, 25% 6.391 6.4152 6.0569 6.0766 6.26 ⋆10.14 8.067 6.8274 7.1233 7.4038 7.5854 12.123
10%, 20%, 30%, 40%, 50% 6.2324 6.5426 5.9835 5.5431 6.7452 ⋆10.151 5.8984 7.2329 7.0131 8.1722 8.2599 11.596
15%, 30%, 45%, 60%, 75% 6.3438 5.716 6.0043 6.9984 6.0205 ⋆10.727 7.1906 7.0627 6.8353 8.2475 9.4159 11.824
Registration Fee
All markets chargeg 0.5 6.507 5.9912 5.6876 5.7649 6.2316 ⋆10.391 6.828 6.4421 7.6529 7.6757 6.2018 11.954
All markets charge 1 6.908 6.2205 6.6882 5.6771 6.5347 ⋆10.935 6.4034 7.6772 6.9286 6.7292 7.0981 11.848
All markets charge 2 6.1859 6.6514 6.8952 6.5881 5.8348 ⋆10.988 7.4818 6.3499 6.6488 6.5285 6.9197 11.677
0.5, 1, 1.5, 2.0, 2.5 5.8119 5.8945 6.4025 7.4527 6.2038 ⋆10.06 6.3538 7.056 7.1159 8.8158 8.5292 11.548
1, 2, 3, 4, 5 5.483 6.6048 6.9149 7.4621 9.072 ⋆10.264 6.0848 6.2219 6.9519 7.4167 7.541 11.696
1, 3, 5, 7, 9 4.1409 6.3337 7.7541 9.1394 11.737 ⋆9.6439 5.9349 7.8897 8.674 9.7346 9.93 11.216
Free of Charges All free markets 6.1248 6.431 6.8146 6.3131 6.31 ⋆10.664 6.8359 7.6718 7.6233 7.1898 7.5624 11.308
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are






























Table 4.37: Last-10-day coefficient of convengence of azip and rl-zip in CDA
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.9483 6.7072 6.1879 6.3376 6.3533 ⋆10.932 7.4435 7.4244 6.521 7.3632 7.2793 11.498
All markets charge 10% 5.8293 6.2063 6.5099 5.8051 6.2565 ⋆10.638 5.9878 7.2048 7.1688 7.5334 7.9966 11.366
All markets charge 15% 6.7136 7.0834 5.7019 6.1006 6.2756 ⋆10.958 7.4821 6.9465 6.6319 7.0821 6.7124 11.473
5%, 10%, 15%, 20%, 25% 6.3388 5.8131 6.4583 6.2006 6.5017 ⋆10.381 8.067 6.8274 7.1233 7.4038 7.5854 12.123
10%, 20%, 30%, 40%, 50% 6.1681 6.7645 6.5544 6.6412 6.4924 ⋆10.234 5.8984 7.2329 7.0131 8.1722 8.2599 11.596
15%, 30%, 45%, 60%, 75% 5.7245 6.8819 6.3907 6.1106 6.989 ⋆10.707 7.1906 7.0627 6.8353 8.2475 9.4159 11.824
Registration Fee
All markets chargeg 0.5 6.6614 5.7844 7.2026 6.4614 6.1716 ⋆10.883 6.828 6.4421 7.6529 7.6757 6.2018 11.954
All markets charge 1 5.9066 6.9589 6.3131 5.7631 6.1518 ⋆10.387 6.4034 7.6772 6.9286 6.7292 7.0981 11.848
All markets charge 2 5.9171 6.1697 5.7194 5.7275 6.7005 ⋆10.433 7.4818 6.3499 6.6488 6.5285 6.9197 11.677
0.5, 1, 1.5, 2.0, 2.5 5.5817 5.422 6.0083 6.7955 7.4493 ⋆10.325 6.3538 7.056 7.1159 8.8158 8.5292 11.548
1, 2, 3, 4, 5 5.4327 6.315 6.9835 6.1779 8.4496 ⋆10.822 6.0848 6.2219 6.9519 7.4167 7.541 11.696
1, 3, 5, 7, 9 5.0343 6.193 7.6541 8.5176 10.43 ⋆9.7089 5.9349 7.8897 8.674 9.7346 9.93 11.216
Free of Charges All free markets 6.6714 5.9894 6.2954 6.2393 6.2178 ⋆10.864 6.8359 7.6718 7.6233 7.1898 7.5624 11.308
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are






























Table 4.38: Coefficient of convengence of ozip and rl-zip in CDA
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.0924 6.6405 5.9691 6.5111 5.9213 ⋆10.44 7.4435 7.4244 6.521 7.3632 7.2793 11.498
All markets charge 10% 6.3434 6.0139 6.2585 6.2558 7.2819 ⋆10.962 5.9878 7.2048 7.1688 7.5334 7.9966 11.366
All markets charge 15% 6.7958 6.3298 6.074 6.967 6.0075 ⋆10.896 7.4821 6.9465 6.6319 7.0821 6.7124 11.473
5%, 10%, 15%, 20%, 25% 5.9744 6.4935 5.7476 5.8073 6.397 ⋆10.763 8.067 6.8274 7.1233 7.4038 7.5854 12.123
10%, 20%, 30%, 40%, 50% 5.855 6.421 6.336 7.0432 6.7937 ⋆10.867 5.8984 7.2329 7.0131 8.1722 8.2599 11.596
15%, 30%, 45%, 60%, 75% 6.3929 5.8027 6.1331 6.3698 7.2199 ⋆10.999 7.1906 7.0627 6.8353 8.2475 9.4159 11.824
Registration Fee
All markets chargeg 0.5 6.3997 6.1386 6.5185 6.3165 6.3575 ⋆10.986 6.828 6.4421 7.6529 7.6757 6.2018 11.954
All markets charge 1 6.1356 6.6486 6.6981 6.8983 6.6939 ⋆10.916 6.4034 7.6772 6.9286 6.7292 7.0981 11.848
All markets charge 2 6.3097 6.0648 6.8354 6.2134 5.4494 ⋆10.712 7.4818 6.3499 6.6488 6.5285 6.9197 11.677
0.5, 1, 1.5, 2.0, 2.5 5.6415 6.1711 7.2734 7.3615 6.2885 ⋆9.723 6.3538 7.056 7.1159 8.8158 8.5292 11.548
1, 2, 3, 4, 5 5.3721 6.2498 6.4485 7.1215 10.224 ⋆10.512 6.0848 6.2219 6.9519 7.4167 7.541 11.696
1, 3, 5, 7, 9 4.5246 6.5237 6.6783 8.8938 11.759 ⋆9.2649 5.9349 7.8897 8.674 9.7346 9.93 11.216
Free of Charges All free markets 6.1367 6.3122 6.2806 6.3744 6.212 ⋆10.541 6.8359 7.6718 7.6233 7.1898 7.5624 11.308
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are






























Table 4.39: Last-10-day coefficient of convengence of zip and rl-zip in CH
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.895 6.7962 7.5511 7.3928 6.8513 ⋆7.7213 7.9028 7.0596 7.4891 8.0529 8.6854 8.3484
All markets charge 10% 7.1503 8.4369 7.1606 8.4318 7.4928 ⋆8.1352 7.8678 8.2243 7.9795 7.8741 7.4782 8.7682
All markets charge 15% 7.8564 7.4994 7.4388 7.1306 8.6949 ⋆8.2964 6.9899 8.1598 8.2234 6.8639 8.0547 8.5411
5%, 10%, 15%, 20%, 25% 8.1096 7.2464 7.7503 7.2411 7.4525 8.5935 7.7523 7.64 7.3792 7.4829 7.1786 ⭐8.1369
10%, 20%, 30%, 40%, 50% 7.3719 7.207 7.1552 7.9447 7.0297 ⋆7.7075 8.8783 7.9686 7.0039 7.3305 7.6258 8.176
15%, 30%, 45%, 60%, 75% 7.0521 7.0951 8.0787 8.2377 7.732 ⋆7.5962 7.2962 7.7356 7.1866 6.7005 8.45 8.342
Registration Fee
All markets chargeg 0.5 7.4074 7.3751 7.6947 6.9212 7.6966 ⭐7.811 6.7942 8.4329 8.0499 7.4662 8.1764 8.1627
All markets charge 1 7.7594 8.3058 7.812 7.2405 7.9618 ⭐8.2464 8.2123 7.9387 7.4257 8.0131 8.9623 8.3822
All markets charge 2 8.0521 6.6989 6.8775 7.4077 7.177 8.1479 8.4853 8.4326 7.4569 7.9375 7.9292 ⭐8.1169
0.5, 1, 1.5, 2.0, 2.5 7.2885 7.0198 7.4629 9.3799 8.3266 ⋆7.1534 6.4411 7.4244 7.3655 8.2458 8.6205 7.7598
1, 2, 3, 4, 5 6.7385 7.4992 7.7772 9.5983 9.2317 ⋆7.3988 6.7258 7.7253 8.038 9.4923 8.6176 8.0038
1, 3, 5, 7, 9 6.0425 7.4574 8.0516 10.361 10.256 ⋆7.1549 6.1566 7.2686 8.4582 10.097 11.534 7.5645
Free of Charges All free markets 7.3183 7.5656 7.7657 6.9705 8.3225 ⋆7.8308 7.6205 6.9885 8.0085 7.3507 7.9851 8.3006
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are






























Table 4.40: Last-10-day coefficient of convengence of azip and rl-zip in CH
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.7614 7.1515 7.0569 7.5339 6.878 ⭐8.2183 7.9028 7.0596 7.4891 8.0529 8.6854 8.3484
All markets charge 10% 7.064 8.241 6.8735 7.4127 7.1696 8.9441 7.8678 8.2243 7.9795 7.8741 7.4782 ⭐8.7682
All markets charge 15% 7.6811 7.8511 7.6824 7.2455 7.3498 8.8949 6.9899 8.1598 8.2234 6.8639 8.0547 ⭐8.5411
5%, 10%, 15%, 20%, 25% 6.8711 7.9107 7.8071 6.7018 7.1168 8.3919 7.7523 7.64 7.3792 7.4829 7.1786 ⭐8.1369
10%, 20%, 30%, 40%, 50% 6.7804 7.3069 6.8023 6.8099 9.5987 8.4313 8.8783 7.9686 7.0039 7.3305 7.6258 ⭐8.176
15%, 30%, 45%, 60%, 75% 6.6883 6.5913 6.4888 7.8096 8.4501 ⋆7.7916 7.2962 7.7356 7.1866 6.7005 8.45 8.342
Registration Fee
All markets chargeg 0.5 7.5743 6.9594 7.9925 6.9481 7.7544 ⭐8.0728 6.7942 8.4329 8.0499 7.4662 8.1764 8.1627
All markets charge 1 7.7616 7.0403 7.4325 7.2992 7.0264 8.4252 8.2123 7.9387 7.4257 8.0131 8.9623 ⭐8.3822
All markets charge 2 7.2786 7.0318 7.4054 7.7021 7.0886 8.2212 8.4853 8.4326 7.4569 7.9375 7.9292 ⭐8.1169
0.5, 1, 1.5, 2.0, 2.5 6.5807 8.3687 7.2968 8.3262 8.1481 7.8792 6.4411 7.4244 7.3655 8.2458 8.6205 ⭐7.7598
1, 2, 3, 4, 5 6.7571 7.0449 7.826 9.7699 8.4455 ⋆7.6583 6.7258 7.7253 8.038 9.4923 8.6176 8.0038
1, 3, 5, 7, 9 5.4788 6.8882 9.5146 11.062 9.9728 ⋆7.1155 6.1566 7.2686 8.4582 10.097 11.534 7.5645
Free of Charges All free markets 7.9004 7.3686 7.57 7.7712 6.8592 8.3491 7.6205 6.9885 8.0085 7.3507 7.9851 ⭐8.3006
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are






























Table 4.41: Last-10-day coefficient of convengence of ozip and rl-zip in CH
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 8.0646 7.5981 6.4574 6.4791 7.4896 8.5572 7.9028 7.0596 7.4891 8.0529 8.6854 ⋆8.3484
All markets charge 10% 7.1371 7.9409 7.366 7.2611 7.0973 ⋆8.6133 7.8678 8.2243 7.9795 7.8741 7.4782 8.7682
All markets charge 15% 7.1933 7.2204 7.4771 7.7686 6.4731 8.6411 6.9899 8.1598 8.2234 6.8639 8.0547 ⋆8.5411
5%, 10%, 15%, 20%, 25% 7.8756 6.9935 6.7789 7.3164 7.1317 8.5761 7.7523 7.64 7.3792 7.4829 7.1786 ⋆8.1369
10%, 20%, 30%, 40%, 50% 7.5326 6.6562 6.694 7.7361 7.0112 8.4774 8.8783 7.9686 7.0039 7.3305 7.6258 ⋆8.176
15%, 30%, 45%, 60%, 75% 6.4542 7.1538 6.6614 6.9022 9.6006 ⋆8.2181 7.2962 7.7356 7.1866 6.7005 8.45 8.342
Registration Fee
All markets chargeg 0.5 7.5378 7.1403 7.5722 6.8168 7.9266 8.2062 6.7942 8.4329 8.0499 7.4662 8.1764 ⋆8.1627
All markets charge 1 7.4144 6.8541 7.0758 6.9146 7.346 8.1208 8.2123 7.9387 7.4257 8.0131 8.9623 8.3822
All markets charge 2 6.9518 7.345 6.7628 7.5976 7.0593 ⋆8.0648 8.4853 8.4326 7.4569 7.9375 7.9292 8.1169
0.5, 1, 1.5, 2.0, 2.5 6.7044 7.7505 7.9478 8.1922 9.2959 ⋆7.7074 6.4411 7.4244 7.3655 8.2458 8.6205 7.7598
1, 2, 3, 4, 5 5.9388 7.234 7.8865 8.8962 9.5553 ⋆7.8404 6.7258 7.7253 8.038 9.4923 8.6176 8.0038
1, 3, 5, 7, 9 5.5585 7.4534 9.8429 12.024 12.336 ⋆6.9186 6.1566 7.2686 8.4582 10.097 11.534 7.5645
Free of Charges All free markets 6.84 7.2832 7.2874 7.7347 7.4892 ⋆8.0169 7.6205 6.9885 8.0085 7.3507 7.9851 8.3006
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons that are
significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the
pair-wise test.
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4.5.3 Trader distribution
Since in a network market, the performance of the whole network market not only depends on
the performance of each individual market, but also depends on the distribution of all the traders
across the whole network market. Therefore, in this comparison, I would like to compare the
trader distribution at the end of each experiment. To do this, I plotted the supply-and-demand
curve of each market at day 400 for each experiment. Figures [4.13a - 4.20e] are a subset of the
resulting trader distributions. Since we know that the charges that the markets make, especially,
the different charges made by connected markets may affect the distribution of traders. Therefore,
in this comparison, in order to help us figure out how the transfer learning trading strategies affect
the trader distribution, I mainly focus on those cases that all the markets are free of charges.
Figures [4.13a - 4.16e] show the supply-and-demand curves of the CDA markets. The solid straight
line in the middle of each figure is the global equilibrium (in all of my experiments, the global
equilibrium is at 97.455). The cross point of supply and demand curve (if any) is the equilibrium of
each individual market. Figures [4.13a - 4.13e] show the supply-demand curve of network markets
with zip trading strategy traders. From the figure, we can see that, in day 400 (the last trading
day), market M2 has more intra-marginal traders than other markets. However, the equilibrium
price of M2 is around 110, which is rather far away from the global market equilibrium (97.455).
The supply-demand curve of network markets with azip trading strategy traders are shown in
Figures [4.14a - 4.14e]. In this case, traders are slightly more equally distributed, but still the
equilibrium price of most of individual markets (M0 - M3) are off the global equilibrium. The ozip
results are shown in Figures [4.15a - 4.15e]. Again, the equilibrium prices of markets M1, M2 and
M3 are slightly off the global equilibrium price. When we look at the results of rl-zip (shown
in Figures [4.16a - 4.16e]), in markets M0, M1 and M3, the market equilibrium prices are off the
global equilibrium, and in market M4, there are intra-marginal buyers but no intra-marginal sellers.
However, in market M2, which has more intra-marginal traders, the equilibrium price is very close
to the global equilibrium. Therefore, in CDA markets, network markets with transfer learning
trading strategies don’t seem to help improve the trader distribution more than the non-transfer
learning trading strategy does. The supply-demand curves of the CH markets are shown in Figures
[4.17a - 4.20e]. Similarly, it doesn’t look like the transfer learning trading strategies help improve
the trader distribution more than non-transfer learning trading strategy does.
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Figure 4.13: Supply-demand curve of each market in day 400. All free CDA markets. All traders
use zip strategy.

































































Figure 4.14: Supply-demand curve of each market in day 400. All free CDA markets. All traders
use azip strategy.

































































Figure 4.15: Supply-demand curve of each market in day 400. All free CDA markets. All traders
use ozip strategy.

































































Figure 4.16: Supply-demand curve of each market in day 400. All free CDA markets. All traders
use rl-zip strategy.
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Figure 4.17: Supply-demand curve of each market in day 400. All free CH markets. All traders
use zip strategy.

































































Figure 4.18: Supply-demand curve of each market in day 400. All free CH markets. All traders
use azip strategy.

































































Figure 4.19: Supply-demand curve of each market in day 400. All free CH markets. All traders
use ozip strategy.

































































Figure 4.20: Supply-demand curve of each market in day 400. All free CH markets. All traders
use rl-zip strategy.
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Table 4.42: Distribution efficiency comparison at day 400 (last trading day). All free markets.
ZIP AZIP OZIP RL-ZIP
CDA 0.974 0.9746 0.9725 0.9755
CH 0.9781 0.9704 0.969 0.9755
In order to more precisely analyze the trader distribution, I introduced another metric which I call





where theoretical profiti is the theoretical profit of each individual market i, and the
global theoretical profit is the total theoretical profit assuming all traders are in one “big
market”. The range of de is between 0 and 1, the higher the de, the better distributed the traders
are. When distribution efficiency equals to 1, it means that all traders are perfectly distributed,
there is no allocative efficiency loss due to splitting traders into multiple individual markets.
Table 4.42 shows the average distribution efficiency of each trading strategy at day 400 (the last
trading day). I also ran the Mann-Whitney U test between rl-zip and the other three transfer
learning strategies (zip, azip and ozip), for all comparisons. There are no significant differences
between the distribution efficiency value of rl-zip and those of the transfer learning strategy at
95% confidence level. Therefore, network markets with transfer learning trading strategies don’t
appear to help improve trader distribution more than the non-transfer learning trading strategy
does. This, on the other hand, leaves rooms for a market selection strategy to improve the network
market performance by further improving the trader distribution. This means that if we can have
a better market selection strategy (e.g., apply transfer learning on epsilon-greedy market selection
strategy), we can further improve the network market performance. I will discuss transfer learning
in market selection later in Chapter 5.
4.5.4 Speed of learning
Another aspect to consider for different network markets is their speed of learning. In order to
assess the effect of the different trading strategies on the learning speed of the markets, I looked at
global efficiency each day. Since there is always some fluctuation from day to day as traders move
Chapter 4. Using Transfer Learning with Trading Strategies 111
between markets, it is not immediately obvious how to determine when markets have converged. I
tackled the problem of detecting convergence as follows. Since I repeated each experiment 50 times,
it means that for each day, I have 50 daily global efficiency values. I first calculated the average of
these daily global efficiencies, then calculated the 4-day average of the daily global efficiency based
on these daily average values. The first value in this sequence is the average of the global efficiency
from day 1 through day 4, the next value is this average for day 5 through day 8, and so forth,
until the final value, which is the average for day 397 through day 400. After this, we’ve generated
a serial of 4-day average global efficiency points. Starting from the second point (which is the
4-day average for day 5 through day 8), I calculate the percentage changes between 4 continuous
points (point i through point i+ 3). I define the percentage change between point i and point j as
following:




Where Pi is the ith 4-day average value. For each point i, I also calculated four percentage changes
values, which are change in percentagei,i+1, change in percentagei+1,i+2,
change in percentagei+2,i+3 and change in percentagei,i+3. If all four values are less than a
threshold of 3%, I considered the learning is converged, and I used the day 4i as the day of
converge.
The results of speed of learning comparison are shown in Table 4.43 and Table 4.44. Table 4.43
shows the results for CDA markets. If we compare all 12 cases, the learning speed of the network
markets with transfer learning trading strategies doesn’t seem to be faster than the learning speed
of the network markets with the non-transfer learning strategy —
• zip VS rl-zip, zip is better (has faster learning speed) in 7 out of 12 cases;
• azip VS rl-zip, azip has faster learning speed in only half of all cases;
• ozip VS rl-zip, ozip is better in 7 out of 12 cases;
However, when we look into those cases in which all markets charge differently, network markets
with transfer learning trading strategies (zip, azip and ozip) tend to learn faster in most cases —
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• zip VS rl-zip, zip learns faster in 5 out of 6 cases;
• azip VS rl-zip, azip learns faster in 4 out of 6 cases;
• ozip VS rl-zip, ozip has faster learning speed in 4 out of 6 cases;
What I think is happening here is that, when markets charges differently, many intra-marginal
traders will get pushed to those markets that charge less, which causes those markets with higher
charges to have fewer intra-marginal traders. This in turn results in fewer transactions happening
in those high charging markets, so traders with the zip based trading strategy have less chance to
learn how to trade in the market
2
. For transfer learning trading strategies, since they can estimate
the current market based on previous trading experience, they may be able to start trading at
a price that is close to the market equilibrium. However, for traders using the rl-zip strategy,
since no information is transferred, they need to learn the market from the very beginning, and
the market provides less chance for them to learn, so the individual market efficiency maybe lower
on some days. This in turn results in lower global efficiency on some days and the overall slower
learning speed.
The results for speed of learning in CH markets are shown in Table 4.44. From the results, we
can see that, in CH markets, although it looks like traders using the zip strategy learn slower than
those using the rl-zip strategy do, markets with azip and ozip traders tend to converge a little
bit faster than markets with rl-zip traders. From the results of the CDA markets and the CH
markets, I conclude that, it is possible to apply transfer learning to trading strategies to improve
the speed of learning.
2
zip like trading strategy learns the target shout price based on successful transactions
Chapter 4. Using Transfer Learning with Trading Strategies 113
Table 4.43: Speed of learning comparison for CDA markets
Type of Fees Charges M0 - M4
Day of Convergence
ZIP AZIP OZIP RL-ZIP
Profit
All markets charge 5% 92 36 36 28
All markets charge 10% 24 136 8 20
All markets charge 15% 56 56 24 20
5%, 10%, 15%, 20%, 25% 28 48 24 12
10%, 20%, 30%, 40%, 50% 20 36 52 60
15%, 30%, 45%, 60%, 75% 40 16 8 88
Registration
All markets charge 0.5 16 32 8 24
All markets charge 1 28 32 8 80
All markets charge 2 24 8 40 16
0.5, 1, 1.5, 2.0, 2.5 40 8 28 144
1, 2, 3, 4, 5 20 64 40 32
1, 3, 5, 7, 9 24 12 8 32
Table 4.44: Speed of learning comparison for CH markets
Type of Fees Charges M0 - M4
Day of Convergence
ZIP AZIP OZIP RL-ZIP
Profit
All markets charge 5% 24 20 32 8
All markets charge 10% 28 8 8 12
All markets charge 15% 16 32 8 16
5%, 10%, 15%, 20%, 25% 24 16 8 40
10%, 20%, 30%, 40%, 50% 20 16 8 8
15%, 30%, 45%, 60%, 75% 52 20 8 8
Registration
All markets charge 0.5 16 8 8 24
All markets charge 1 16 8 12 12
All markets charge 2 12 8 8 8
0.5, 1, 1.5, 2.0, 2.5 16 8 8 8
1, 2, 3, 4, 5 12 8 20 12
1, 3, 5, 7, 9 16 20 28 36
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The four types of comparison results show that, in CDA markets, using transfer learning in trading
strategies can help to improve the average network market performance (higher global efficiency,
lower α, etc.). Also, it can help to improve network market performance in terms of the final
learning state for CDA markets. Finally, it is possible to improve the learning speed by using
transfer learning as well.
4.6 Experiment Set II - Comparison between different transfer
learning strategies
In this section, I focus on answering question Q4.4, which is whether we can use only local informa-
tion to optimize network market performance. The two strategies that use only local information
are the zip strategy and the azip strategy. In Section 4.5, I already compared the zip and azip
strategies with the rl-zip strategy, and we know that, in CDA markets, the zip and azip trading
strategy can help improve network market performance. So in this section, I will mainly focus on
comparing the zip and azip strategies (which use only local information) with the ozip strategy
(which uses global information). Similar to the transfer learning VS non-transfer learning strategy
comparison, I use the allocative efficiency, the coefficient of convergence and the speed of learning to
establish market, and hence strategy performance. Here I do not use the trader distribution, since
from Section 4.5, we know that transfer learning trading strategies do not seem to help improve
the trader distribution.
4.6.1 Allocative efficiency
First, let us compare the allocative efficiency of zip, azip (transfer learning strategies that only
use local information) and ozip (transfer learning strategy that uses global information). Figures
[4.21a - 4.26b] show the 10-day average global efficiency results. The results show that the 10-day
average global efficiencies of zip, azip and ozip are pretty close. In order to do further comparison,
let’s look at the 400-day average efficiency (defined on Page 60) results shown in Tables [4.45 -
4.48]. Table 4.45 gives the comparison between azip and ozip, as we can see, if we consider the
family-wise error rates, there are almost no significant differences between the 400-day average
global efficiency of azip and that of ozip (only there are 2 cases in which azip is better than
ozip). The comparison of zip and ozip for CDA markets is shown in Table 4.46. Again, there
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are almost no significant differences between the 400-day average global efficiencies of these two.
The results for CH markets are shown in Table 4.47 and Table 4.48. From these results, we can
see that, although zip and azip only use local information, in CH markets, zip and azip trading
strategies can lead to slightly higher average global efficiency than the ozip strategy does.
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(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure 4.21: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0
through M4: 5%, 10%, 15%, 20%, 25% profit fees. In each plot, the solid line indicates transfer
learning with global information (ozip), while dotted line indicates transfer learning with local
information (zip, azip).








(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure 4.22: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0
through M4: 10%, 20%, 30%, 40%, 40% profit fees. In each plot, the solid line indicates transfer
learning with global information (ozip), while dotted line indicates transfer learning with local
information (zip, azip).








(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure 4.23: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0
through M4: 15%, 30%, 45%, 60%, 75% profit fees. In each plot, the solid line indicates transfer
learning with global information (ozip), while dotted line indicates transfer learning with local
information (zip, azip).
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(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure 4.24: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0
through M4: 0.5, 1.0, 1.5, 2.0, 2.5 registration fees. In each plot, the solid line indicates transfer
learning with global information (ozip), while dotted line indicates transfer learning with local
information (zip, azip).








(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure 4.25: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0
through M4: 1.0, 2.0, 3.0, 4.0, 5.0 registration fees. In each plot, the solid line indicates transfer
learning with global information (ozip), while dotted line indicates transfer learning with local
information (zip, azip).








(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure 4.26: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0
through M4: 1.0, 3.0, 5.0, 7.0, 9.0 registration fees. In each plot, the solid line indicates transfer






























Table 4.45: Allocative efficiencies of azip and ozip in CDA
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 89.84 88.785 91.987 91.373 ◦92.742 ⭐92.007 90.225 90.429 89.948 92.621 92.061 91.941
All markets charge 10% 90.704 91.432 91.124 ◦92.702 90.734 91.976 92.308 92.286 89.389 92.199 90.811 91.96
All markets charge 15% 91.444 91.238 92.199 89.249 91.715 91.877 91.081 92.889 ◦93.124 89.749 89.617 91.994
5%, 10%, 15%, 20%, 25% 92.904 89.704 89.682 93.041 90.705 91.93 90.978 90.696 91.897 ◦93.315 89.843 91.995
10%, 20%, 30%, 40%, 50% 92.351 ◦93.846 92.409 88.128 89.302 91.876 93.705 91.582 92.658 89.956 89.826 91.905
15%, 30%, 45%, 60%, 75% ◦92.799 92.737 89.918 89.676 88.713 91.898 92.322 92.127 91.944 90.563 89.023 ⭐92.024
Registration Fee
All markets chargeg 0.5 90.047 92.151 93.185 91.844 91.93 ⭐91.987 90.869 91.85 ◦93.358 93.263 88.657 91.923
All markets charge 1 91.209 91.591 ◦92.714 91.766 90.116 91.959 91.826 90.947 90.979 91.218 91.297 91.943
All markets charge 2 91.123 88.297 89.328 92.123 90.833 ⋆92.04 89.133 91.115 90.571 91.837 ◦93.213 91.919
0.5, 1, 1.5, 2.0, 2.5 92.107 90.972 92.698 92.426 89.147 92.007 ◦94.281 91.729 88.54 92.067 91.906 92.033
1, 2, 3, 4, 5 93.056 92.759 92.152 88.534 89.255 91.866 ◦95.64 94.084 91.112 88.618 86.069 91.894
1, 3, 5, 7, 9 95.76 93.281 90.28 89.012 83.058 ⋆91.671 ◦96.125 90.636 90.624 88.059 81.313 91.565
Free of Charges All free markets 90.349 92.436 ◦92.905 90.239 91.908 91.833 90.824 92.245 89.1 91.652 91.422 91.879
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for
both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics and





























Table 4.46: Allocative efficiencies of zip and ozip in CDA
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% ◦93.016 92.286 91.947 92.061 87.341 91.912 90.225 90.429 89.948 92.621 92.061 91.941
All markets charge 10% ◦92.748 92.321 91.067 91.268 90.411 91.856 92.308 92.286 89.389 92.199 90.811 91.96
All markets charge 15% 89.855 92.356 89.753 91.305 91.267 91.784 91.081 92.889 ◦93.124 89.749 89.617 ⭐91.994
5%, 10%, 15%, 20%, 25% 90.297 92.609 90.786 91.291 91.48 91.891 90.978 90.696 91.897 ◦93.315 89.843 91.995
10%, 20%, 30%, 40%, 50% 93.163 89.859 91.813 89.623 89.199 91.846 ◦93.705 91.582 92.658 89.956 89.826 91.905
15%, 30%, 45%, 60%, 75% ◦93.016 92.778 89.301 90.867 90.574 91.874 92.322 92.127 91.944 90.563 89.023 92.024
Registration Fee
All markets chargeg 0.5 91.167 90.159 ◦93.569 93.294 89.413 91.819 90.869 91.85 93.358 93.263 88.657 91.923
All markets charge 1 ◦93.37 91.117 87.16 92.904 92.448 91.938 91.826 90.947 90.979 91.218 91.297 91.943
All markets charge 2 91.79 90.75 92.149 92.346 89.587 91.848 89.133 91.115 90.571 91.837 ◦93.213 91.919
0.5, 1, 1.5, 2.0, 2.5 92.375 91.944 90.705 90.336 91.728 91.94 ◦94.281 91.729 88.54 92.067 91.906 92.033
1, 2, 3, 4, 5 94.173 92.159 92.598 85.66 89.56 91.828 ◦95.64 94.084 91.112 88.618 86.069 91.894
1, 3, 5, 7, 9 95.624 93.46 91.131 89.57 83.277 91.467 ◦96.125 90.636 90.624 88.059 81.313 91.565
Free of Charges All free markets 90.829 90.885 90.952 ◦92.798 89.371 91.797 90.824 92.245 89.1 91.652 91.422 91.879
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95%
level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers





























Table 4.47: Allocative efficiencies of azip and ozip in CH
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 96.657 94.718 95.415 95.766 96.978 95.195 ◦97.445 96.375 95.372 95.45 97.383 ⋆95.403
All markets charge 10% 96.58 96.81 97.604 96.563 97.613 ⋆95.331 95.995 97.816 ◦98.119 95.448 95.099 95.283
All markets charge 15% 96.96 97.402 ◦97.884 97.268 96.527 ⋆95.329 96.77 96.547 97.543 97.642 97.156 95.278
5%, 10%, 15%, 20%, 25% 98.656 97.113 97.789 96.291 88.644 95.284 ◦98.91 96.484 97.04 96.258 94.722 95.246
10%, 20%, 30%, 40%, 50% ◦99.136 98.313 96.027 95.118 86.611 ⋆95.175 98.572 97.615 97.456 91.441 87.975 94.951
15%, 30%, 45%, 60%, 75% 99.346 98.884 96.998 88.161 81.565 94.839 ◦99.349 99.047 96.447 88.902 82.604 94.856
Registration Fee
All markets chargeg 0.5 91.908 94.971 97.437 95.967 94.172 ⭐95.234 94.004 96.228 94.041 96.302 ◦96.515 95.153
All markets charge 1 95.546 95.078 95.734 92.993 ◦96.844 ⋆95.249 94.519 95.39 92.886 97.149 96.263 95.163
All markets charge 2 96.322 93.854 96.27 96.705 94.886 95.172 93.484 95.056 95.877 ◦97.2 94.719 ⋆95.284
0.5, 1, 1.5, 2.0, 2.5 96.174 96.185 95.42 94.385 92.397 ⋆95.048 94.87 ◦97.188 94.628 95.93 93.047 94.917
1, 2, 3, 4, 5 ◦98.583 95.675 95.776 93.493 92.054 94.836 96.25 96.851 94.756 94.357 92.614 ⋆94.914
1, 3, 5, 7, 9 98.527 97.08 97.019 91.722 86.289 94.765 ◦99.4 95.698 95.694 93.533 86.573 94.737
Free of Charges All free markets 96.806 93.974 ◦97.684 96.743 94.886 ⋆95.181 95.517 94.541 96.422 93.352 95.86 95.128
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level
for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in italics





























Table 4.48: Allocative efficiencies of zip and ozip in CH
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 95.621 96.161 94.004 94.726 96.39 ⭐95.451 ◦97.445 96.375 95.372 95.45 97.383 95.403
All markets charge 10% 97.35 96.486 95.916 95.629 95.777 ⋆95.374 95.995 97.816 ◦98.119 95.448 95.099 95.283
All markets charge 15% 96.315 96.85 ◦97.826 97.638 97.71 ⋆95.609 96.77 96.547 97.543 97.642 97.156 95.278
5%, 10%, 15%, 20%, 25% 98.391 98.838 96.375 94.733 90.764 ⋆95.463 ◦98.91 96.484 97.04 96.258 94.722 95.246
10%, 20%, 30%, 40%, 50% ◦99.235 98.813 96.77 90.506 80.916 ⋆95.097 98.572 97.615 97.456 91.441 87.975 94.951
15%, 30%, 45%, 60%, 75% ◦99.466 99.007 95.279 85.449 78.387 94.791 99.349 99.047 96.447 88.902 82.604 ⭐94.856
Registration Fee
All markets chargeg 0.5 94.359 93.262 ◦98.101 95.552 96.81 ⋆95.447 94.004 96.228 94.041 96.302 96.515 95.153
All markets charge 1 95.987 96.414 95.92 96.34 94.972 ⋆95.477 94.519 95.39 92.886 ◦97.149 96.263 95.163
All markets charge 2 94.596 94.502 ◦96.018 94.253 95.761 95.267 93.484 95.056 95.877 97.2 94.719 95.284
0.5, 1, 1.5, 2.0, 2.5 96.737 95.544 96.046 94.584 94.336 ⋆95.196 94.87 ◦97.188 94.628 95.93 93.047 94.917
1, 2, 3, 4, 5 ◦97.69 95.657 95.479 94.495 91.521 ⋆95.073 96.25 96.851 94.756 94.357 92.614 94.914
1, 3, 5, 7, 9 98.103 96.705 94.64 89.906 89.161 ⭐94.805 ◦99.4 95.698 95.694 93.533 86.573 94.737
Free of Charges All free markets 95.928 96.086 ◦96.293 93.58 95.954 ⋆95.423 95.517 94.541 96.422 93.352 95.86 95.128
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level
for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the pair-wise test. Numbers in
italics and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
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Now, let’s look at the last-10-day efficiency (defined in Section 4.5.1) comparison shown in Tables
[4.49 - 4.52]. Table 4.49 and Table 4.50 show the results for CDA markets. From the results we can
see that the last-10-day global efficiency of network markets with azip and zip traders are pretty
close to the last-10-day global efficiency of network markets with ozip traders, in most cases, there
are no significant differences between these two. And in a few scenarios (3 out of 13 for azip
vs ozip, 1 out of 13 for zip vs ozip), azip and zip strategies can give higher last-10-day global
efficiency than the ozip strategy does, even if they are only using local information. Table 4.51 and
Table 4.52 give the results for CH markets. Again, the results shows that, only in a few cases (3
out of 13 for azip vs ozip) do network markets with ozip traders give us higher last-10-day global
efficiency than network markets with azip and zip traders, and in some cases, network markets
with azip and zip traders can even outperform (in the sense of having a higher last-10-day global
efficiency) network markets with ozip traders.
According to the results above, we can conclude that, transfer learning trading strategies that use
only local information are efficient enough to provide allocative efficiency that is comparable to
those transfer learning strategies that using global information. This holds in network markets
where traders are free to move — although we are comparing trading strategy, the movement is





























Table 4.49: Last-10-day allocative efficiencies of azip and ozip in CDA
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 86.473 82.246 90.5 88.849 93.108 92.179 86.693 89.13 86.405 92.224 89.749 ⋆92.622
All markets charge 10% 90.355 88.291 90.821 89.855 90.466 ⋆92.829 90.552 90.627 85.471 87.83 89.135 92.341
All markets charge 15% 88.125 87.377 90.471 85.467 89.084 91.826 88.986 90.567 91.603 86.26 86.142 91.844
5%, 10%, 15%, 20%, 25% 92.254 89.262 88.497 91.989 87.729 92.052 88.516 87.302 89.777 92.076 85.337 92.445
10%, 20%, 30%, 40%, 50% 90.948 91.818 89.019 83.989 86.694 92.115 93.358 91.138 89.369 87.242 88.839 92.182
15%, 30%, 45%, 60%, 75% 91.445 91.01 85.308 88.515 86.46 92.393 87.915 90.605 89.704 88.519 84.602 92.111
Registration Fee
All markets chargeg 0.5 85.82 92.239 91.837 91.215 89.011 92.175 90.195 89.948 91.272 93.22 87.654 92.262
All markets charge 1 86.967 87.99 91.219 92.373 88.096 ⋆92.41 87.152 88.395 90.877 88.384 90.549 92.255
All markets charge 2 90.815 84.169 88.166 90.993 89.29 ⋆92.594 87.575 88.463 88.587 91.006 92.597 92.043
0.5, 1, 1.5, 2.0, 2.5 90.657 91.504 93.769 93.291 85.992 93.028 93.888 90.237 86.892 90.978 88.54 92.704
1, 2, 3, 4, 5 93.456 92 88.166 81.711 83.887 91.696 96.161 92.602 90.116 85.002 78.544 92.141
1, 3, 5, 7, 9 97.11 91.043 87.754 83.858 73.542 92.178 96.707 88.465 86.462 80.416 72.786 92.03
Free of Charges All free markets 88.895 92.879 92.29 85.382 89.342 92.475 86.712 91.823 85.658 87.977 90.139 92.725
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant






























Table 4.50: Last-10-day allocative efficiencies of zip and ozip in CDA
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 91.893 90.925 89.563 90.142 81.329 92.415 86.693 89.13 86.405 92.224 89.749 92.622
All markets charge 10% 92.319 90.793 88.411 88.967 86.844 92.631 90.552 90.627 85.471 87.83 89.135 92.341
All markets charge 15% 88.379 91.801 87.573 88.895 90.566 ⭐92.216 88.986 90.567 91.603 86.26 86.142 91.844
5%, 10%, 15%, 20%, 25% 91.206 91.109 88.485 89.439 88.409 ⋆92.988 88.516 87.302 89.777 92.076 85.337 92.445
10%, 20%, 30%, 40%, 50% 91.986 86.754 89.518 89.718 86.416 92.373 93.358 91.138 89.369 87.242 88.839 92.182
15%, 30%, 45%, 60%, 75% 92.047 93.255 85.52 88.754 88.794 92.614 87.915 90.605 89.704 88.519 84.602 92.111
Registration Fee
All markets chargeg 0.5 88.574 86.307 91.897 90.19 87.524 92.176 90.195 89.948 91.272 93.22 87.654 92.262
All markets charge 1 93.343 89.702 84.189 92.796 91.772 ⭐92.432 87.152 88.395 90.877 88.384 90.549 92.255
All markets charge 2 88.501 86.759 90.305 89.738 88.322 91.941 87.575 88.463 88.587 91.006 92.597 92.043
0.5, 1, 1.5, 2.0, 2.5 92.431 90.158 86.087 86.18 93.105 92.497 93.888 90.237 86.892 90.978 88.54 92.704
1, 2, 3, 4, 5 92.315 91.008 91.716 80.265 91.018 92.199 96.161 92.602 90.116 85.002 78.544 92.141
1, 3, 5, 7, 9 95.751 93.353 87.316 82.006 70.287 91.7 96.707 88.465 86.462 80.416 72.786 92.03
Free of Charges All free markets 89.555 90.054 91.245 91.637 88.489 92.198 86.712 91.823 85.658 87.977 90.139 92.725
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant






























Table 4.51: Last-10-day allocative efficiencies of azip and ozip in CH
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 94.608 93.367 93.73 92.569 96.724 95.62 95.351 95.78 96.056 94.969 97.272 95.805
All markets charge 10% 97.602 96.425 96.386 97.005 96.776 95.596 95.316 95.592 98.633 91.401 94.353 95.798
All markets charge 15% 96.113 95.441 97.281 95.666 93.878 95.619 94.155 97.686 96.38 97.564 95.743 ⋆95.976
5%, 10%, 15%, 20%, 25% 98.702 96.537 95.773 93.336 80.287 95.296 99.285 94.732 97.194 94.498 90.357 ⋆95.556
10%, 20%, 30%, 40%, 50% 99.505 98.735 93.185 89.383 68.636 95.057 98.629 97.892 96.252 82.454 73.797 94.883
15%, 30%, 45%, 60%, 75% 99.635 99.258 92.985 71.28 60.467 ⋆94.793 99.649 99.001 94.567 70.067 59.274 94.169
Registration Fee
All markets chargeg 0.5 86.927 94.225 96.325 93.237 90.769 95.54 92.889 95.175 90.605 96.864 96.562 95.507
All markets charge 1 92.429 94.269 94.735 89.169 93.731 95.479 91.533 94.645 92.277 95.856 94.234 95.509
All markets charge 2 92.027 89.544 93.87 94.046 93.935 95.346 94.274 95.941 94.422 94.678 92.42 ⋆95.673
0.5, 1, 1.5, 2.0, 2.5 94.668 95.778 95.348 91.411 87.277 95.404 91.723 96.848 90.295 94.158 92.878 95.29
1, 2, 3, 4, 5 99.422 95.549 91.675 87.675 87.133 95.151 96.356 94.415 93.535 92.817 89.163 95.331
1, 3, 5, 7, 9 99.148 94.012 93.948 86.681 80.461 ⋆95.009 99.693 96.261 91.111 86.667 77.973 94.624
Free of Charges All free markets 96.694 91.57 97.406 94.973 91.477 95.725 95.73 87.367 93.812 92.203 94.027 95.568
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant






























Table 4.52: Last-10-day allocative efficiencies of zip and ozip in CH
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 92.943 96.065 91.791 94.898 94.16 95.91 95.351 95.78 96.056 94.969 97.272 95.805
All markets charge 10% 97.111 95.439 95.198 95.033 93.347 96.008 95.316 95.592 98.633 91.401 94.353 95.798
All markets charge 15% 95.834 95.36 97.465 98.045 98.064 95.984 94.155 97.686 96.38 97.564 95.743 95.976
5%, 10%, 15%, 20%, 25% 98.801 99.112 94.453 88.171 84.417 95.249 99.285 94.732 97.194 94.498 90.357 ⭐95.556
10%, 20%, 30%, 40%, 50% 99.627 98.619 92.432 81.375 65.533 ⋆95.423 98.629 97.892 96.252 82.454 73.797 94.883
15%, 30%, 45%, 60%, 75% 99.679 99.035 89.416 72.828 59.585 ⋆94.907 99.649 99.001 94.567 70.067 59.274 94.169
Registration Fee
All markets chargeg 0.5 92.434 90.833 96.999 92.662 96.956 ⋆95.92 92.889 95.175 90.605 96.864 96.562 95.507
All markets charge 1 93.572 94.979 92.941 94.683 93.353 95.388 91.533 94.645 92.277 95.856 94.234 95.509
All markets charge 2 90.909 88.064 94.195 95.279 92.16 95.379 94.274 95.941 94.422 94.678 92.42 ⭐95.673
0.5, 1, 1.5, 2.0, 2.5 95.226 94.176 95.506 89.945 92.107 ⋆95.904 91.723 96.848 90.295 94.158 92.878 95.29
1, 2, 3, 4, 5 95.686 93.751 93.483 88.951 89.372 95.507 96.356 94.415 93.535 92.817 89.163 95.331
1, 3, 5, 7, 9 97.462 96.715 93.423 80.737 79.869 94.841 99.693 96.261 91.111 86.667 77.973 94.624
Free of Charges All free markets 93.431 93.421 95.77 90.597 94.551 ⋆96.026 95.73 87.367 93.812 92.203 94.027 95.568
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant
at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the
pair-wise test.
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4.6.2 Coefficient of convergence
Second, we turn to examine performance in terms of coefficient of convergence. In Figures [4.27a -
4.32b], I compared the 10-day average coefficient of convergence (α) of zip, azip and ozip. Similarly
to the efficiency results, from these figures, we can hardly see any noticeable difference between
the two curves being compared in each case. Therefore, I further compared the 400-day average α
values. Results are shown in Tables [4.53 - 4.56]. Table 4.53 and Table 4.54 show the results for
CDA markets. As we can see, in about half of cases (7 out of 13), the azip strategy generates lower
αs than the ozip strategy does, and the zip strategy outperforms the ozip strategy in most cases
(9 out of 13). When we look at the results for CH markets (Table 4.55 and Table 4.56), both azip
and zip strategies still outperforms (lower αs) the ozip strategy.
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(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure 4.27: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market
charges M0 through M4: 5%, 10%, 15%, 20%, 25% profit fees. In each plot, the solid line indicates
transfer learning with global information (ozip), while dotted line indicates transfer learning with
local information (zip, azip).






(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure 4.28: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market
charges M0 through M4: 10%, 20%, 30%, 40%, 40% profit fees. In each plot, the solid line indicates
transfer learning with global information (ozip), while dotted line indicates transfer learning with
local information (zip, azip).






(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure 4.29: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market
charges M0 through M4: 15%, 30%, 45%, 60%, 75% profit fees. In each plot, the solid line indicates
transfer learning with global information (ozip), while dotted line indicates transfer learning with
local information (zip, azip).
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(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure 4.30: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market
charges M0 through M4: 0.5, 1.0, 1.5, 2.0, 2.5 registration fees. In each plot, the solid line indicates
transfer learning with global information (ozip), while dotted line indicates transfer learning with
local information (zip, azip).






(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure 4.31: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market
charges M0 through M4: 1.0, 2.0, 3.0, 4.0, 5.0 registration fees. In each plot, the solid line indicates
transfer learning with global information (ozip), while dotted line indicates transfer learning with
local information (zip, azip).






(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure 4.32: Transfer learning with local information VS transfer learning with global information.
The x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market
charges M0 through M4: 1.0, 3.0, 5.0, 7.0, 9.0 registration fees. In each plot, the solid line indicates
transfer learning with global information (ozip), while dotted line indicates transfer learning with





























Table 4.53: Coefficient of convengence of azip and ozip in CDA
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.4005 6.5241 6.3703 6.0986 6.3054 ⋆10.994 6.3735 6.5209 6.5758 6.2937 6.3101 11.198
All markets charge 10% 6.1668 6.4469 6.3016 6.1307 6.3379 ⋆11.153 6.4391 6.28 6.3574 6.3955 6.6071 11.332
All markets charge 15% 6.0874 6.5394 6.1955 6.5102 6.3617 11.181 6.3834 6.2275 6.158 6.6053 6.2958 11.193
5%, 10%, 15%, 20%, 25% 6.1172 6.3414 6.2972 6.3021 6.437 11.217 6.3434 6.4478 6.1921 6.2457 6.5786 11.256
10%, 20%, 30%, 40%, 50% 6.3157 6.0153 6.3214 6.6252 6.5288 ⋆11.188 6.1031 6.2861 6.1803 6.6196 6.6996 11.327
15%, 30%, 45%, 60%, 75% 5.8817 6.2182 6.4134 6.3474 6.8832 11.185 6.2242 6.3745 6.0732 6.4494 6.6927 11.235
Registration Fee
All markets chargeg 0.5 6.3199 6.1596 6.2541 6.6374 6.2191 ⋆11.14 6.4085 6.3898 6.4028 6.156 6.7596 11.359
All markets charge 1 6.1783 6.5109 6.3242 6.4305 6.1328 ⋆11.19 6.3422 6.6627 6.3585 6.4571 6.3656 11.272
All markets charge 2 6.243 6.5664 6.4121 6.2392 6.4394 ⋆11.026 6.6337 6.4007 6.4243 6.4136 6.0728 11.275
0.5, 1, 1.5, 2.0, 2.5 5.7441 6.1525 6.3783 6.8682 7.3543 10.95 5.6601 6.3684 6.8903 6.8718 6.9902 10.921
1, 2, 3, 4, 5 5.2797 6.2327 7.023 7.4304 7.95 ⋆10.777 5.3028 6.3205 6.9444 7.6017 8.5902 10.917
1, 3, 5, 7, 9 4.8567 6.4406 7.6266 8.3151 9.4525 10.708 4.8478 6.7093 7.4648 8.5049 10.447 10.677
Free of Charges All free markets 6.4108 6.3616 6.0903 6.5019 6.6457 11.252 6.2115 6.5103 6.468 6.3843 6.3001 11.296
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant






























Table 4.54: Coefficient of convengence of zip and ozip in CDA
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.2999 6.3211 6.1914 6.3865 6.6193 11.148 6.3735 6.5209 6.5758 6.2937 6.3101 11.198
All markets charge 10% 6.3353 6.2041 6.346 6.4015 6.5972 ⋆11.157 6.4391 6.28 6.3574 6.3955 6.6071 11.332
All markets charge 15% 6.5751 6.3912 6.3088 6.1577 6.3673 11.214 6.3834 6.2275 6.158 6.6053 6.2958 11.193
5%, 10%, 15%, 20%, 25% 6.3709 6.3113 6.3459 6.3339 6.4772 ⋆11.131 6.3434 6.4478 6.1921 6.2457 6.5786 11.256
10%, 20%, 30%, 40%, 50% 6.2175 6.2646 6.3131 6.4635 6.572 ⋆11.054 6.1031 6.2861 6.1803 6.6196 6.6996 11.327
15%, 30%, 45%, 60%, 75% 6.3052 6.1634 6.3271 6.2521 6.341 ⋆11.072 6.2242 6.3745 6.0732 6.4494 6.6927 11.235
Registration Fee
All markets chargeg 0.5 6.3889 6.7057 6.0596 6.3584 6.4354 ⋆11.136 6.4085 6.3898 6.4028 6.156 6.7596 11.359
All markets charge 1 6.3106 6.5031 6.5487 6.1765 6.3647 ⋆11.093 6.3422 6.6627 6.3585 6.4571 6.3656 11.272
All markets charge 2 6.4366 6.4125 6.3759 6.2424 6.4769 ⋆11.094 6.6337 6.4007 6.4243 6.4136 6.0728 11.275
0.5, 1, 1.5, 2.0, 2.5 5.7717 6.1738 6.8094 7.2107 6.6743 ⋆10.831 5.6601 6.3684 6.8903 6.8718 6.9902 10.921
1, 2, 3, 4, 5 5.4418 6.1775 6.9588 7.903 7.9535 ⋆10.734 5.3028 6.3205 6.9444 7.6017 8.5902 10.917
1, 3, 5, 7, 9 4.9455 6.4362 7.4113 8.5955 10.018 10.909 4.8478 6.7093 7.4648 8.5049 10.447 ⋆10.677
Free of Charges All free markets 6.4291 6.2195 6.5497 6.2873 6.4561 11.207 6.2115 6.5103 6.468 6.3843 6.3001 11.296
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant






























Table 4.55: Coefficient of convengence of azip and ozip in CH
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.5453 7.6719 7.6237 7.6021 7.5426 9.117 7.558 7.2293 7.5826 7.4889 7.364 9.0764
All markets charge 10% 7.2777 7.9467 7.5764 7.623 7.5725 ⋆9.2608 7.6111 7.6598 7.6115 7.8126 7.096 9.3445
All markets charge 15% 7.4434 7.6071 7.7804 7.2404 7.7046 ⋆9.3827 7.5147 7.5511 7.5814 7.5104 7.8271 9.4743
5%, 10%, 15%, 20%, 25% 7.8113 7.3728 7.523 7.1662 7.487 ⋆8.976 7.6646 7.6422 7.6826 7.3114 7.5047 9.3067
10%, 20%, 30%, 40%, 50% 7.5546 7.5577 7.3811 7.189 7.5033 ⋆8.9654 7.6995 7.6696 7.2135 7.6918 7.6977 9.263
15%, 30%, 45%, 60%, 75% 7.4012 7.0812 7.2279 7.4784 8.0055 ⋆9.0191 7.3144 7.4939 7.1828 7.3911 8.0889 9.1287
Registration Fee
All markets chargeg 0.5 7.6552 7.4115 7.609 7.6564 7.5653 ⋆8.8333 7.8446 7.5361 7.5271 7.4563 7.8693 9.186
All markets charge 1 7.3855 7.6675 7.2021 7.8695 7.6882 ⋆8.9462 7.7837 7.8816 7.6658 7.1402 7.4244 9.1792
All markets charge 2 7.741 7.5605 7.4541 7.4231 7.6962 9.0287 7.5397 7.5305 7.3127 7.6153 7.4795 8.9965
0.5, 1, 1.5, 2.0, 2.5 7.128 7.6964 8.3134 8.106 9.07 ⋆8.5894 6.6781 8.2666 8.0954 8.5246 9.0526 8.7116
1, 2, 3, 4, 5 6.6016 7.8294 8.5994 9.2935 9.559 8.4702 6.5237 7.6876 8.5759 8.525 9.9394 8.455
1, 3, 5, 7, 9 5.9734 8.0514 9.1181 9.3346 11.226 ⭐8.1443 5.9641 8.1689 9.1174 10.134 10.973 8.1939
Free of Charges All free markets 7.7845 7.4844 7.6535 7.653 7.5716 9.152 7.4676 7.5228 7.6617 7.4521 7.5586 9.17
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant






























Table 4.56: Coefficient of convengence of zip and ozip in CH
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.9901 7.4279 7.5838 7.7797 7.8894 ⋆8.556 7.558 7.2293 7.5826 7.4889 7.364 9.0764
All markets charge 10% 8.1579 7.9812 7.7827 7.9875 7.8505 ⋆8.76 7.6111 7.6598 7.6115 7.8126 7.096 9.3445
All markets charge 15% 7.9616 7.5975 7.949 7.6125 7.9434 ⋆8.7162 7.5147 7.5511 7.5814 7.5104 7.8271 9.4743
5%, 10%, 15%, 20%, 25% 7.9548 7.5501 7.7602 7.5986 7.6253 ⋆8.5932 7.6646 7.6422 7.6826 7.3114 7.5047 9.3067
10%, 20%, 30%, 40%, 50% 8.301 7.8017 7.5001 7.4031 7.6622 ⋆8.5656 7.6995 7.6696 7.2135 7.6918 7.6977 9.263
15%, 30%, 45%, 60%, 75% 8.1945 7.7526 7.5484 7.8418 8.0304 ⋆8.6372 7.3144 7.4939 7.1828 7.3911 8.0889 9.1287
Registration Fee
All markets chargeg 0.5 7.8913 7.6667 7.9857 7.5819 8.055 ⋆8.5222 7.8446 7.5361 7.5271 7.4563 7.8693 9.186
All markets charge 1 7.9505 7.9101 7.7668 7.9251 7.697 ⋆8.5813 7.7837 7.8816 7.6658 7.1402 7.4244 9.1792
All markets charge 2 8.4687 7.7631 7.5877 7.6864 7.7601 ⋆8.6569 7.5397 7.5305 7.3127 7.6153 7.4795 8.9965
0.5, 1, 1.5, 2.0, 2.5 7.2151 8.1442 8.0413 8.9431 9.0823 ⋆8.2133 6.6781 8.2666 8.0954 8.5246 9.0526 8.7116
1, 2, 3, 4, 5 7.0523 7.8323 8.6256 8.9935 9.904 ⋆8.1392 6.5237 7.6876 8.5759 8.525 9.9394 8.455
1, 3, 5, 7, 9 6.2351 7.8831 9.5321 10.332 10.599 ⋆8.0144 5.9641 8.1689 9.1174 10.134 10.973 8.1939
Free of Charges All free markets 7.7841 7.9388 7.6816 7.6964 7.9392 ⋆8.5873 7.4676 7.5228 7.6617 7.4521 7.5586 9.17
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant
at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the
pair-wise test.
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The last-10-day coefficient of convergence comparison results are shown in Tables [4.57 - 4.60].
Table 4.57 and Table 4.58 show the results for CDA markets. We can see that the azip strategy
and the zip strategy in general can give us last-10-day αs not higher than the ozip strategy does,
and in some cases (6 out of 13 for azip vs ozip, 2 out 13 for zip vs ozip after considering family-
wise error rates), the azip and zip strategies can even generate last-10-day αs that are significant
lower than the ozip strategy does. And in CH markets (shown in Table 4.59 and Table 4.60), the
last-10-day αs given by the azip strategy and the ozip strategy are pretty close, while the zip
strategy outperforms (lower α) the ozip strategy in more than half of cases (7 out of 13).
From the results above, we can conclude that, by using only local information, it’s totally possible
for transfer learning strategy to generate α values that are comparable to or even better than those





























Table 4.57: Last-10-day coefficient of convengence of azip and ozip in CDA
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.4005 6.5241 6.3703 6.0986 6.3054 ⋆10.994 6.3735 6.5209 6.5758 6.2937 6.3101 11.198
All markets charge 10% 6.1668 6.4469 6.3016 6.1307 6.3379 ⋆11.153 6.4391 6.28 6.3574 6.3955 6.6071 11.332
All markets charge 15% 6.0874 6.5394 6.1955 6.5102 6.3617 11.181 6.3834 6.2275 6.158 6.6053 6.2958 11.193
5%, 10%, 15%, 20%, 25% 6.1172 6.3414 6.2972 6.3021 6.437 11.217 6.3434 6.4478 6.1921 6.2457 6.5786 11.256
10%, 20%, 30%, 40%, 50% 6.3157 6.0153 6.3214 6.6252 6.5288 ⋆11.188 6.1031 6.2861 6.1803 6.6196 6.6996 11.327
15%, 30%, 45%, 60%, 75% 5.8817 6.2182 6.4134 6.3474 6.8832 11.185 6.2242 6.3745 6.0732 6.4494 6.6927 11.235
Registration Fee
All markets chargeg 0.5 6.3199 6.1596 6.2541 6.6374 6.2191 ⋆11.14 6.4085 6.3898 6.4028 6.156 6.7596 11.359
All markets charge 1 6.1783 6.5109 6.3242 6.4305 6.1328 ⋆11.19 6.3422 6.6627 6.3585 6.4571 6.3656 11.272
All markets charge 2 6.243 6.5664 6.4121 6.2392 6.4394 ⋆11.026 6.6337 6.4007 6.4243 6.4136 6.0728 11.275
0.5, 1, 1.5, 2.0, 2.5 5.7441 6.1525 6.3783 6.8682 7.3543 10.95 5.6601 6.3684 6.8903 6.8718 6.9902 10.921
1, 2, 3, 4, 5 5.2797 6.2327 7.023 7.4304 7.95 ⋆10.777 5.3028 6.3205 6.9444 7.6017 8.5902 10.917
1, 3, 5, 7, 9 4.8567 6.4406 7.6266 8.3151 9.4525 10.708 4.8478 6.7093 7.4648 8.5049 10.447 10.677
Free of Charges All free markets 6.4108 6.3616 6.0903 6.5019 6.6457 11.252 6.2115 6.5103 6.468 6.3843 6.3001 11.296
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant






























Table 4.58: Last-10-day coefficient of convengence of zip and ozip in CDA
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.6617 7.1239 5.7792 6.5472 7.0633 10.485 6.0924 6.6405 5.9691 6.5111 5.9213 10.44
All markets charge 10% 5.9568 5.9735 6.206 6.496 5.8336 ⭐10.516 6.3434 6.0139 6.2585 6.2558 7.2819 10.962
All markets charge 15% 6.2234 6.1805 5.9179 6.2736 6.2945 10.909 6.7958 6.3298 6.074 6.967 6.0075 10.896
5%, 10%, 15%, 20%, 25% 6.391 6.4152 6.0569 6.0766 6.26 ⭐10.14 5.9744 6.4935 5.7476 5.8073 6.397 10.763
10%, 20%, 30%, 40%, 50% 6.2324 6.5426 5.9835 5.5431 6.7452 ⋆10.151 5.855 6.421 6.336 7.0432 6.7937 10.867
15%, 30%, 45%, 60%, 75% 6.3438 5.716 6.0043 6.9984 6.0205 10.727 6.3929 5.8027 6.1331 6.3698 7.2199 10.999
Registration Fee
All markets chargeg 0.5 6.507 5.9912 5.6876 5.7649 6.2316 ⋆10.391 6.3997 6.1386 6.5185 6.3165 6.3575 10.986
All markets charge 1 6.908 6.2205 6.6882 5.6771 6.5347 10.935 6.1356 6.6486 6.6981 6.8983 6.6939 10.916
All markets charge 2 6.1859 6.6514 6.8952 6.5881 5.8348 10.988 6.3097 6.0648 6.8354 6.2134 5.4494 10.712
0.5, 1, 1.5, 2.0, 2.5 5.8119 5.8945 6.4025 7.4527 6.2038 10.06 5.6415 6.1711 7.2734 7.3615 6.2885 9.723
1, 2, 3, 4, 5 5.483 6.6048 6.9149 7.4621 9.072 10.264 5.3721 6.2498 6.4485 7.1215 10.224 10.512
1, 3, 5, 7, 9 4.1409 6.3337 7.7541 9.1394 11.737 9.6439 4.5246 6.5237 6.6783 8.8938 11.759 9.2649
Free of Charges All free markets 6.1248 6.431 6.8146 6.3131 6.31 10.664 6.1367 6.3122 6.2806 6.3744 6.212 10.541
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant






























Table 4.59: Last-10-day coefficient of convengence of azip and ozip in CH
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.7614 7.1515 7.0569 7.5339 6.878 ⋆8.2183 8.0646 7.5981 6.4574 6.4791 7.4896 8.5572
All markets charge 10% 7.064 8.241 6.8735 7.4127 7.1696 8.9441 7.1371 7.9409 7.366 7.2611 7.0973 ⋆8.6133
All markets charge 15% 7.6811 7.8511 7.6824 7.2455 7.3498 8.8949 7.1933 7.2204 7.4771 7.7686 6.4731 8.6411
5%, 10%, 15%, 20%, 25% 6.8711 7.9107 7.8071 6.7018 7.1168 8.3919 7.8756 6.9935 6.7789 7.3164 7.1317 8.5761
10%, 20%, 30%, 40%, 50% 6.7804 7.3069 6.8023 6.8099 9.5987 8.4313 7.5326 6.6562 6.694 7.7361 7.0112 8.4774
15%, 30%, 45%, 60%, 75% 6.6883 6.5913 6.4888 7.8096 8.4501 ⋆7.7916 6.4542 7.1538 6.6614 6.9022 9.6006 8.2181
Registration Fee
All markets chargeg 0.5 7.5743 6.9594 7.9925 6.9481 7.7544 8.0728 7.5378 7.1403 7.5722 6.8168 7.9266 8.2062
All markets charge 1 7.7616 7.0403 7.4325 7.2992 7.0264 8.4252 7.4144 6.8541 7.0758 6.9146 7.346 8.1208
All markets charge 2 7.2786 7.0318 7.4054 7.7021 7.0886 8.2212 6.9518 7.345 6.7628 7.5976 7.0593 8.0648
0.5, 1, 1.5, 2.0, 2.5 6.5807 8.3687 7.2968 8.3262 8.1481 7.8792 6.7044 7.7505 7.9478 8.1922 9.2959 7.7074
1, 2, 3, 4, 5 6.7571 7.0449 7.826 9.7699 8.4455 7.6583 5.9388 7.234 7.8865 8.8962 9.5553 7.8404
1, 3, 5, 7, 9 5.4788 6.8882 9.5146 11.062 9.9728 7.1155 5.5585 7.4534 9.8429 12.024 12.336 6.9186
Free of Charges All free markets 7.9004 7.3686 7.57 7.7712 6.8592 8.3491 6.84 7.2832 7.2874 7.7347 7.4892 ⋆8.0169
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant






























Table 4.60: Last-10-day coefficient of convengence of zip and ozip in CH
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.895 6.7962 7.5511 7.3928 6.8513 ⋆7.7213 8.0646 7.5981 6.4574 6.4791 7.4896 8.5572
All markets charge 10% 7.1503 8.4369 7.1606 8.4318 7.4928 ⋆8.1352 7.1371 7.9409 7.366 7.2611 7.0973 8.6133
All markets charge 15% 7.8564 7.4994 7.4388 7.1306 8.6949 ⋆8.2964 7.1933 7.2204 7.4771 7.7686 6.4731 8.6411
5%, 10%, 15%, 20%, 25% 8.1096 7.2464 7.7503 7.2411 7.4525 8.5935 7.8756 6.9935 6.7789 7.3164 7.1317 8.5761
10%, 20%, 30%, 40%, 50% 7.3719 7.207 7.1552 7.9447 7.0297 ⋆7.7075 7.5326 6.6562 6.694 7.7361 7.0112 8.4774
15%, 30%, 45%, 60%, 75% 7.0521 7.0951 8.0787 8.2377 7.732 ⋆7.5962 6.4542 7.1538 6.6614 6.9022 9.6006 8.2181
Registration Fee
All markets chargeg 0.5 7.4074 7.3751 7.6947 6.9212 7.6966 ⋆7.811 7.5378 7.1403 7.5722 6.8168 7.9266 8.2062
All markets charge 1 7.7594 8.3058 7.812 7.2405 7.9618 8.2464 7.4144 6.8541 7.0758 6.9146 7.346 8.1208
All markets charge 2 8.0521 6.6989 6.8775 7.4077 7.177 8.1479 6.9518 7.345 6.7628 7.5976 7.0593 8.0648
0.5, 1, 1.5, 2.0, 2.5 7.2885 7.0198 7.4629 9.3799 8.3266 ⋆7.1534 6.7044 7.7505 7.9478 8.1922 9.2959 7.7074
1, 2, 3, 4, 5 6.7385 7.4992 7.7772 9.5983 9.2317 ⋆7.3988 5.9388 7.234 7.8865 8.8962 9.5553 7.8404
1, 3, 5, 7, 9 6.0425 7.4574 8.0516 10.361 10.256 7.1549 5.5585 7.4534 9.8429 12.024 12.336 6.9186
Free of Charges All free markets 7.3183 7.5656 7.7657 6.9705 8.3225 7.8308 6.84 7.2832 7.2874 7.7347 7.4892 8.0169
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant
at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only the
pair-wise test.
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4.6.2.1 Speed of learning
Finally, for the speed of learning comparison, we can again look at the speed of learning results
shown in Table 4.43 and Table 4.44. The results for CDA markets are shown in Table 4.43. We
can see that, in most cases (9 out of 12) the ozip strategy has a faster learning speed than the zip
strategy does. And similarly, the ozip strategy outperforms (in terms of learning speed) the azip
strategy in 8 out of 12 cases. But both zip and azip manage to have a faster learning speed than
the ozip strategy in 3 scenarios. In CH markets (Table 4.44), the ozip strategy still outperforms
the zip strategy in most cases (9 out of 12). However, the learning speed of markets with azip
and ozip traders are pretty close to each other. Therefore, although zip learns slower than ozip
does, azip can provide performance very close to what ozip achieves. This means that, although
in most cases, transfer learning using global information can lead to faster learning than transfer
learning using only local information, in some cases, it’s still possible for transfer learning using
only local information to lead to learning speed comparable to those attained by transfer learning
using global information.
According to the three comparisons that I discussed above, it doesn’t look like we can draw any
conclusions. It looks like it is possible to optimize network market performance by using only local
information in some cases, though doing so is dependent on the exact scenario.
4.6.3 Conclusion
According to the results of experiment Set 1 and Set 2, we are now able to answer the four questions
(Q4.1– Q4.4) that I raised at the beginning of this chapter:
• In CDA markets, we could use transfer learning on trading strategy to optimize the over-
all network market performance (higher global efficiency, lower α, etc.) (Q4.1). (see the
discussion on pages 61 and 91)
• In CDA markets, we could use transfer learning on trading strategy to optimize the perfor-
mance of final learning state (higher last-10-day global efficiency, lower last-10-day α) (Q4.2).
(see the discussion on pages 84 and 100)
• Transfer learning can be used to help improve the learning speed (Q4.3). (see the discussion
on page 112)
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• In CDA markets, it’s possible to use only local information for transfer learning to help
improve the overall network market performance. And in certain scenarios, by using only
local information, we can still obtain overall network market performance that is comparable
to those obtained by using global information. (Q4.4). (see the discussion on pages 122 and
134)
Chapter 5
Using Transfer Learning in Market
Selection Strategies
5.1 Questions
As I mentioned before, in our market model, traders have two tasks. One is to decide how to make
offers. The mechanism they use to do this is their trading strategy. The other task is to choose a
market to make offers in. The mechanism for doing this is their market selection strategy. Traders
use their trading strategy to trade goods and use their market selection strategy to determine
which market they would like to enter for the next trading day. The previous chapter discussed
ways of applying transfer learning to the trader’s trading strategy to help optimize the network
market performance. As the results of Section 4.5.3 show, the distribution of traders in a network
market can affect the whole network market performance as well. Thus the traders’ market selection
strategy plays an important role in distributing traders in a network market. Therefore, it would be
interesting to find out whether we could also apply transfer learning to market selection strategies
to help optimize the performance of a network market.
This chapter looks to answer four questions that are similar to the four questions that were raised
in Chapter 4.
Q5.1. Can we use transfer learning on market selection strategy to improve the overall market
performance?
141
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Q5.2. Can we apply transfer learning on market selection strategy to improve the final learning
state? (e.g., higher average global market efficiency over the last 10 trading days)?
Q5.3. Can we use transfer learning on market selection strategy to increase the speed of learning?
Q5.4. Is it possible to use only local information in the market selection strategy to help optimize
the network market performance?
In Chapter 4, I tried to answer questions about can we use transfer learning on trading strategies to
improve the network market performance. In this chapter, I focus on answering questions about can
we use transfer learning on market selection strategies to improve the network market performance.
5.2 The market model
Before discussing these four questions, I’ll first look at the market model that was used for this
experiment. As mentioned in Chapter 3, in model I was using, individual markets link together
into larger network markets, in which each market occupies a node in the network. Traders are
allowed to move between markets as long as there is a connection between two markets. Therefore,
the model of network markets consists of three main major components, which are traders, markets
and network topology. This section discusses the setup of each component.
5.2.1 Traders
5.2.1.1 Trading strategy
We already know that each trader has two types of strategies. One of them is the trading strategy
— which is used to help trader trade goods. Another one is the market selection strategy — which
is used to help trader to find the most profitable market for her/him. In this chapter, the main
focus is on studying market selection strategies, with the aim of finding out whether it’s possible to
apply transfer learning on market selection strategies to improve network market performance. We
will consider different kinds of trading strategies and see whether appling transfer learning on the
market selection strategy can help improve network market performance regardless of which kind
of trading strategy is being used. So for the trading strategies in this experiment, I considered the
following four strategies:
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• Zero Intelligence with Constraint (zic) strategy by [Gode and Sunder, 1993b] (mentioned in
Chapter 2). Traders employing this strategy submit bids or offers that are generated randomly
subject to a simple constraint. This constraint states that bids are drawn from a uniform
distribution between the buyer’s private value and a specified lower bound (typically 0) while
offers are restricted to the range between a seller’s private value and a specified higher bound
(a value higher than any trader thinks the good in question is worth).
• Zero Intelligence Plus (zip) strategy by [Cliff, 1997] (mentioned in Chapter 2). zip traders
use a simple heuristic to adjust their offers. Broadly speaking, traders increase their profit
margin if recent market activity suggest that doing so will still allow them to trade, and
reduce their profit margin if recent market activity suggests they are making offers too far
from where the market is trading. The traders employ a simple form of machine learning to
adjust their shouts, smoothing out fluctuations in the market.
• Modified Roth-Erev Strategy (mre) (Reinforcement learning-based strategy). This is a mod-
ified version of the Roth-Erev Strategy (re), which was introduced by [Roth and Erev, 1995]
(mentioned in Chapter 2). The same as original re strategy, mre strategy considers the
problem of what offer to make as being a reinforcement learning problem. It experiments,
making offers and recording how many times they are successful, and then makes choices
based on the expected value of each possible offer, computed using the probability of past
success. I will discuss the details of mre strategy below.
• Adaptive Zero Intelligence Plus azip. As I mentioned in Chapter 4, this strategy keeps track
the highest matched ask prices, the lowest matched bid prices and the number of transactions
in the market that the trader was trading in for the last n days. At the end of each trading
day, the azip strategy estimates a global equilibrium price
1
based on those bid/ask prices
and the number of transactions it tracked. When the trader moves to a new market, the
trader uses the estimated global equilibrium to determine the initial bid/ask price in that
market.
The reason for picking the first of these strategies is that given by, among others, [Walia et al., 2003]
— since zi-c is not making bids with any intelligence, any effects we see have to be a result of the
market selection strategy or market structure, rather than a consequence of the trading strategy,
1
Although the strategy only uses local information, it tries to estimate a global equilibrium price based on the
local information it obtained.
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and hence will be robust across markets inhabited by different kinds of trader. The reason for
picking zip and mre is that given by [Phelps et al., 2004]. The first of these strategies is typical of
the behavior of automated traders, while the second is a good model of human bidding behavior.
The reason for picking azip is because I want to see the performance of network market after
combining both the transfer learning trading strategy and the transfer learning market selection
strategy. Between them, then, the four trading strategies are broadly representative of the range of
traders one might find in a real market — human traders (mre), intelligent program traders (zip
and azip), and traders with no intelligence (zic), I believe that these will provide us with broadly
applicable results.
Modified Roth-Erev Strategy (mre) As I discussed in Chapter 2, in the paper [Nicolaisen
et al., 2001], Nicolaisen et. al. modified the original re to address parameter degeneracy and
improved the learning with zero-reward case. However, their modification has its limitation as well.
Since Nicolaisen et. al. changed the experience function to:
Ek(j,R(x)) = { (1 − ǫ)R(x) if j = k,(ǫ/(N − 1))qjk(t) otherwise.
The result of this algorithm is very sensitive to the initial propensity value (defined in Section 2.6.2).
Nicolaisen et. al. set the initial propensity to qjk(1) = S(1)X/N , where X is the average profit
that buyers and sellers can achieve in any given auction round. However, in some cases, it’s hard
to estimate the average profit of the trader beforehand. If the average profit of the trader doesn’t
get estimated correctly or the S(1) value doesn’t get set correctly, the result of learning will be
affected dramatically. Therefore, I modified original re based on the modification that proposed
by Nicolaisen et. al. [Nicolaisen et al., 2001]. I changed the experience function to the following:
Ek(j,R(x)) =
⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
(1 − ǫ)R(x) if j = k,(ǫ/(N − 1))R(x) j ≠ k ∧R(x) ≠ 0,(ǫ/(N − 1))qjk(t) j ≠ k ∧R(x) = 0.
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Although this method doesn’t fix the parameter degeneracy issue
2
, we are not required to correctly
estimate the average profit of each trader, and the zero-reward issue has been taking care of.
5.2.1.2 Market selection strategy
As I mentioned above, besides the trading strategy, a trader also has a market selection strategy
to help her/him to find the most profitable market. Since in this chapter, I would like to find out
whether we can apply transfer learning to trader’s market selection strategy to help optimize the
overall network market performance. Similar to what I did in Chapter 4, in order to answer the
questions I raised in Section 5.1, I considered three types of market selection strategies:
T1. Market selection strategy without transfer learning;
T2. Transfer learning market selection strategy that uses only “local” information;
T3. Transfer learning trading strategy that uses “global” information;
The “local” information that I defined here is slightly different from the traditional definition of the
“local” information. Traditionally, we only consider the information in the market that a trader is
currently trading in to be local information. Here, I loosen that constraint a little bit. Since in our
model, each market is connected to other markets, I consider all the information from the market
a trader is currently trading in and its neighbor markets (markets that are directly connected to
the current market) to be “local” information. And in the real world, this is also a reasonable
assumption. For instance, in our labor market example, it’s common for a job seeker to know the
job market information of her/his nearby cities.
On the other side, I define the market information that is more than 1 hop away (markets that are
not directly connected to the current market) to be “global” information.
For the T1 market selection strategies, I am going to use the ǫ-greedy and softmax market selection
strategies that were described in Section 4.2.1.2. And similar to what I did in the experiments of
Chapter 4, in the experiments here, I still set α to 1, and ǫ to 0.1 for ǫ-greedy strategy. For softmax
strategy, I set α to 1 and temperautre to 0.1.
2
The parameter degeneracy issue is the issue that when ǫ is set to or close to (N −1)/N , the probability updating
might be ceased or very slow.
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Simple Filtering Strategy (sf) For the T2 market selection strategy, I introduced a new
transfer learning strategy called the Simple Filtering (sf) strategy. As described in Algorithm 4,
the simple filtering strategy keeps track of the previous m days’ average transaction price of the
current market and it’s neighbor markets and saves them in DATPnm, where n is the number
of total markets and the value of m is controlled by a parameter called “windowSize”. In my
experiments, I set the windowSize to 10. Each day, when a trader wants to select a market, the sf
transfer learning strategy calculates the weighted average transaction price (WATPi) of market i







Where the average transaction price of the most recent trading day gets more weight. This is
controlled by a decay factor β. The range of β is between (0, 1) and in my experiments I set β to
0.6. A trader then estimates their profit EPi in the market i based on WATPi.
For a seller, the estimated profit of market i (EPi) is given by:
EPi =
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
−1.0 × regFeei if no transaction in market i
and rand > threshold,
random(0, 1) else if no transaction in market i
and rand ⩽ threshold,
−1.0 × regFeei else if WATPi < PV ,
(WATPi − PV ) × (1 − profitFeei)
×numOfItems− regFeei otherwise.
For a buyer,
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EPi =
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
−1.0 × regFeei if no transaction in market i
and rand > threshold,
random(0, 1) else if no transaction in market i
and rand ⩽ threshold,
−1.0 × regFeei else if WATPi > PV ,
(PV −WATPi) × (1 − profitFeei)
×numOfItems− regFeei otherwise.
where rand is some random value between (0, 1), and threshold is an exploration threshold ranged
between [0, 1]. The exploration threshold gives a market that has no transaction a chance to be
picked by a trader. In my experiments, I set threshold = 0.1. PV is the private value of the trader,
regFeei is the registration fee charged by market i, and numOfItems is the number of items that
a trader has for each trading day. I set numOfItems = 5 in our experiment, meaning that each
trader can buy or sell 5 items each day.
The sf transfer learning strategy considers any market i that has EPi > 0 to be a profitable market.
It then updates the propensity value (propensityi) of each movable market i (including the current
market and all the direct neighbor markets) according to the following,
propensityi,t = { propensityi,t−1 + random(0, 1) EPi > 0,
propensityi,t−1 − random(0, 1) otherwise.
After that, the sf uses original market selection strategy (ǫ-greedy or softmax ) to select a market
from all the markets to which the trader can move (including the current market and the neighboring
markets) that have positive propensity values. This simple filtering transfer learning strategy can
be applied to other reinforcement learning strategies to form new market selection strategies. In my
experiment, I applied the sf to the ǫ-greedy and softmax strategies to form new transfer learning
market selection strategies. I denote the strategy created by applying the simple filtering strategy
in conjunction with ǫ-greedy as sf-eg and the strategy formed by applying the simple filtering
strategy to softmax as sf-sm.
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Algorithm 4 Simple Filtering (SF) Strategy
1: procedure SFMSS
2: for each n from 1 to number of markets do
3: avgProfitCounter[n] ← 0
4: propensity[n] ← random(0, 0.1)
5: for each trading day do
6: if current trading day is closed then
7: ▷ //update the average profit of current market
8: k ← currentMarketIndex
9: avgProfit[k] ← avgProfit[k] + (currentDayProfit − avgProfit[k])/(1 +
avgProfitCounter[k])
10: avgProfitCounter[k] ← avgProfitCounter[k]+ 1
11: ▷ //calculate estimated profit for each movable markets i (the current market and
neighbor markets)
12: for each movable market i do
13: add current day average transaction price to the end of daily average transaction
price DATP [i]
14: ▷ //calculate weighted average transaction price (WATP) for each market i
15: m ← min(windowSize, tradingday)
16: WATP [i] ← ∑mj=1 βm−j×DATP [i][j]∑mj=1 βm−j
17: ▷ //calculate estimated profit (EP[i]) for each market i
18: if there is no transaction in market i then
19: randomV alue ← random(0, 1)
20: if randomV alue > explorationThreshold then
21: EP [i] ← −1.0 × registrationFee[i]
22: else
23: EP [i] ← random(0, 1)
24: else
25: if the trader is seller then
26: if WATP [i] < privateV alue then
27: EP [i] ← −1.0 × registrationFee[i]
28: else
29: EP [i] ← (WATP [i] − privateV alue) × (1 − profitFee[i]) ∗
numOfItems− registrationFee[i]
30: else if the trader is buyer then
31: if WATP [i] > privateV alue then
32: EP [i] ← −1.0 × registrationFee[i]
33: else
34: EP [i] ← (privateV alue − WATP [i]) × (1 − profitFee[i]) ∗
numOfItems− registrationFee[i]
35: ▷ //update propensity for each movable market i
36: if EP [i] ⩾ 0 then
37: propensity[i] ← propensity[i− 1] + random(0, 1)
38: else
39: propensity[i] ← propensity[i− 1] − random(0, 1)
40: use original market selection strategy (ǫ-greedy or softmax) to select a market among
the movable markets with propensity > 0
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Multi-hop Simple Filtering Strategy (MHSF) For the T3 market selection strategy, I
introduce the Multi-Hop Simple Filtering (mhsf) strategy, described in Algorithm 5. Multi-hop
means that when selecting a market, the mhsf strategy not only looks at the neighbors of the
current market, but also takes markets that are not the direct neighbor of the current market
into account. Each mhsf strategy has a parameter called hopSize — which controls how many
hops
3
the strategy considers. In our experiment, I set hopSize to 3. At the end of each trading
day, the mhsf market selection strategy uses the same profit estimation method as the sf market
selection strategy to calculate the estimated profit (EPi) for each market i. Once the EP s have
been calculated, the mhsf then updates the propensity value of each market i (propensityi) based
on EP values according to the following,
propensityi,t = { propensityi,t−1 + random(0, 1), if EPi > 0,
propensityi,t−1 − random(0, 1) otherwise.
After that, mhsf searches the potential profitable markets using breadth first search. For each
market i, if propensityi > 0, then mhsf considers it as a potential profitable market. The max-
imum search depth is determined by hopSize. mhsf also holds a list of profitableMarkets and
a list of profitablePaths. During the search, mhsf searches for potential profitable markets and
adds them into profitableMarkets, and at the same time saves the paths from current market
to the potential profitable markets into profitablePaths. At the very beginning of each search, if
propensitycurrentMarket > 0, the current market will be added to the profitableMarkets and the
profitablePaths. Then mhsf searches its direct and indirect neighbors starting from hop 1. At
the end of hop n (n + 1 ⩽ hopSize), mhsf determine whether it will continue search the next hop
n + 1 based on the following rule:
⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
continue search hop n + 1 if profitableMarkets is EMPTY
OR random(0, 1) > expansionThreshold
end search otherwise.
Where expansionThreshold is a parameter used to control the probability of expanding the search
range. In my experiment, I set expansionThreshold to 0.9.
3
The value of hop determines how many steps away from the current market a trader searches. All the neighbors
of market i are in hop 1. And for every market j that is not the neighbor of market i, but market j is the neighbor
of the neighbor of market i is in hop 2, etc.
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After searching, the mhsf uses the original market selection strategy (ǫ-greedy or softmax ) to select
a market from profitableMarkets. Once a market is selected, mhsf finds the corresponding path
to the selected market from profitablePaths and takes that path towards the destination market.
At the end of each trading day, if there is a predetermined path — meaning that the trader has
not reached the destination market yet, mhsf skips the market searching part and selects the next
market on this path directly and moves towards that market. This means that once a path is
selected, the mhsf trader will move one market each day along the path until he/she reaches the
destination market.
Similar to the sf transfer learning strategy, the mhsf strategy can also be applied to other rein-
forcement learning strategies like ǫ-greedy or softmax to form new transfer learning market selection
strategies. I denote the multi-hop simple filtering strategy that uses ǫ-greedy as mhsf-eg and the
one that uses softmax as mhsf-sm. The difference between the sf market selection strategy and the
mhsf market selection strategy is that, sf only consider the neighbors of the current market while
mhsf takes non-directly connected markets into account, so as long as a neighboring market has a
direct or non-direct connection to those markets, those markets have a possibility to be selected.
Since the mhsf strategy requires a trader to know the trading information of markets that are
non-directly connected to the current market, it needs “global” information.
5.2.1.3 Market selection controlling policy
Similar to the setup of the market selection policy for the trading strategy experiments, for the
market selection strategy experiments, I still use the Slow Acting Controlling Policy (sacp) de-
scribed in Chapter 4. Which means a trader may stay in a market for couple of days, and then
decide whether they would like to switch to another market or not.
5.2.2 Markets
For the market mechanisms in the experiments of market selection strategy tests, I again only
consider the two classic double auctions, the cda and the ch (described in Chapter 2). I also
make similar choices for the market charge types as those I made in Chapter 4: here choose to use
registration fees and profit fees. For all the experiments I ran for this test, all markets charge 0.5
registration fees.
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Algorithm 5 Multi-Hop Simple Filtering (mhsf) Strategy
1: procedure MHSF
2: for each n from 1 to number of markets do
3: propensity[n] ← random(0, 0.1)
4: for each trading day do
5: if current trading day is closed then
6: calculate estimated profit (EP [i]) for each market i using the same profit estimation
method as Simple Filtering (SF) strategy
7: ▷ //update propensity for each market i
8: for each market i do
9: if EP [i] > 0 then
10: propensity[i] ← propensity[i− 1] + random(0, 1)
11: else
12: propensity[i] ← propensity[i− 1] − random(0, 1)
13: ▷ //search for potential profitable markets
14: currentHop ← 1
15: if propensity[currentMarket] > 0 then
16: add current market to profitableMarkets
17: add current market to profitablePaths
18: tempMarket ← currentMarket
19: while currentHop < hopSize do
20: for each neighbor market k of tempMarket do
21: if propensity[k] > 0 && k ∉ profitableMarkets then
22: add market k to profitableMarkets
23: find path from currentMarket to market k, add path to profitablePaths
24: if profitableMarkets is NOT EMPTY && random(0,1) ⩽ expansionThreshold
then
25: end while loop
26: for each neighbor market k of tempMarket do
27: currentHop ← currentHop + 1
28: tempMarket ← k
29: search for next hop
30: use original market selection strategy (ǫ-greedy or softmax) to select a market among
profitableMarkets, and take the corresponding path from profitablePaths
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5.2.3 Network topology
In Chapter 4, I only considered fully connected network markets. However, as I mentioned in
Chapter 2, besides the fully connected network topology, there are many other network topologies,
like the chain network, the ring network, the star network, the small-world network and the scale-
free network, etc. In this chapter, since I would like to understand the performance of different
market selection strategies in a broad range of scenarios, I would like to compare the performance
under different network topologies. The network topologies that I considered in this experiment
are:
• The fully-connected network (complete network) - in which each node is connected to every
other node;
• The star network - in which one node is connected to every other node, and there are no
other connections between nodes;
• The chain network - where all but two nodes are connected to two other nodes. The remaining
pair form the ends of the chain and are connected to exactly one node;
• The ring network - where each node is connected to k neighbors, half of which located to its
left and half to its right;
• The small-world network - according to Watts and Strogatz ([Watts and Strogatz, 1998]),
small-world networks are a kind of network that are “highly clustered, like regular lattices,
yet have small characteristic path lengths, like random graphs”.
• The scale-free network(power network) - which has a degree distribution that follows a power
law.
The ring network I used in my experiments is the 2-ring network, which means that each node only
has one neighbor to its left and one neighbor to its right. The way I constructed our small-world
network in my experiments is similar to the way described by Watts and Strogatz [Watts and
Strogatz, 1998]. I first constructed a 4-ring network, and randomly rewired
4
each edge with a 10%
probability — meaning that for all the edges of the 4-ring network, each edge has a 10% probability
4
“Rewired” means that at least one of the two nodes that are connected by the edge are changed.
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Table 5.1: The configurable facets of the trader model
Facet Choice
Trading Strategy
Reset Learning Zero Intelligence with Constraint (ZIC) Strategy
Zero Intelligence Plus (ZIP) Strategy
Roth-Erev (RE) Strategy
Adaptive Zero Intelligence Plus (AZIP) Strategy
Market Selection Strategy
Epsilon-Greedy Strategy
Simple Filtering Epsilon-Greedy Strategy (SF-EG)
Multihop Epsilon-Greedy Strategy (MHSF-EG)
Softmax Strategy
Simple Filtering Softmax Strategy (SF-SM)
Multihop Softmax Strategy (MHSF-SM)
Market Selection Controlling Policy Slow Acting Controlling Policy (SAC)
Table 5.2: The configurable facets of the market model
Facet Choice
Market Type
Continues Double Auction (CDA)
Clearing House (CH)
Type of Charges
All markets charge the same profit fees and registration fees
Each market charges the same registration fees but different profit fees









to be rewired. By doing this, most pairs of nodes will be connected by at least one short path. For
the scale-free network, I first constructed a three node 2-ring network, and kept adding new nodes
in. Each new node connects to 2 of the existing nodes. The probability of linking to a given node
i is proportional to the number of existing edges ei node i has.
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I summarize the configuration of the trader model and the market model that I used in this set of
experiments in Table 5.1, Table 5.2 and Table 5.3. Each of the experiments that I will discuss in
Section 5.4 is a controlled simulation configured with a combination of the choices on the trading
strategy, market selection strategy, market mechanism, network topology and market charges facets.
5.3 Experimental setups
In this set of experiments, I aim to compare the performance of network markets for each type
of those three market selection strategies mentioned in Section 5.2.1.2. The scenarios I considered
here include all the facets listed in Table 5.1, Table 5.2 and Table 5.3. All the choices available on
the facets make 576 combinations, each being a unique scenario. For instance, one such scenario is
that all markets run the CDA, are connected as a ring network, charge the same fixed profit fees
(5%) and registration fees (0.5), and are patronized by a population of homogeneous zip traders
with sf market selection strategies. The idea behind this configuration and the various scenarios
is that they allow us to identify the differences between systems that have traders using transfer
learning market selection strategies and systems that do not have traders using transfer learning
market selection strategies.
Each of the 576 experiments lasted 800 trading days, with each day being split into 50 0.5-second-
long rounds. I repeated each experiment 50 times. Each trader is permitted to buy or sell at most
five units of goods per day, and its private value for the goods is drawn from a uniform distribution
between $50 and $250. Each trader is assumed to have the same private value for all the units
of goods that it trades throughout a single iteration of a given experiment, with new values being
picked for each iteration. Each multi-market system is populated by 400 traders, evenly split
between buyers and sellers. The initial distribution of traders to markets is random with each
trader having an equal probability of being assigned to each market. The parameters I discuss here
are summarized in Table 5.4. With my current implementation running on a 2.93 GHz Nehalem
Intel 4-core processor, it took around 40 ∼ 50 hours to run each experiment.
The configurations of the six market selection strategies and the four trading strategies that I used
here are summarized in Table 5.6 and Table 5.5.
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Table 5.4: The general configuration of parameters in each of experiments
Category Parameter Value
Market
No. of days 800
Duration of round 0.5 seconds
No. of rounds per day 50
No. of competing markets 20
No. of buyers 200
No. of sellers 200
Traders
Trader entitlement 5
Trader valuation µ($50, $250)
5.4 Results and analysis
Similar to the questions in Chapter 4, Questions (Q5.1- Q5.4) that I brought up in Section 5.1
can also be classified into two categories:
• whether we can apply transfer learning on a trader’s market selection strategy to optimize
the global network market performance like global market efficiency or speed of learning, etc.
(Q5.1- Q5.3);
• whether we can use only local information in transfer learning and still optimize network
market performance (Q5.4).
Therefore, I again conducted two sets of experiments. For the first set of experiments, I compared
network markets with traders that use transfer learning market selection strategies to network
markets with traders using non-transfer learning market selection strategies. And for the second
set of experiments, I compared network market performance between different transfer learning
market selection strategies (transfer learning strategy using only local information and transfer
learning strategy using global information). For readability, I am not going to include all the
results here, the rest of results can be found in Appendix [B - E].
5.4.1 Experiment Set I - Transfer learning VS Non-transfer learning
As I mentioned above, this first set of experiments focuses on comparing the network market per-
formance between transfer learning market selection strategy and market selection strategy without
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Table 5.5: The configuration of market selection strategies in each of experiments
Category Parameter Value
ǫ-Greedy
Decreasing rate (α) 1
Exploration rate (ǫ) 0.1
Simple Filtering ǫ-Greedy (SF-EG)
Decreasing rate (α) 1
Exploration rate (ǫ) 0.1




Decreasing rate (α) 1
Exploration rate (ǫ) 0.1






Decreasing rate (α) 1
Temperature 0.1
Simple Filtering Softmax (SF-SM)
Decreasing rate (α) 1
Temperature 0.1




Decreasing rate (α) 1
Temperature 0.1
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transfer learning. It’s aiming to answer questions Q5.1, Q5.2 and Q5.3 that I raised in Section
5.1. Therefore, I compare the performance between original non-transfer market selection strategies
(ǫ-greedy or softmax ) and other transfer learning market selection strategies (sf-eg/mhsf-eg or
sf-sm/mhsf-sm).
Similar to what I did in Chapter 4, I compare performance by looking at the following four aspects,
• Market allocative efficiency
• Coefficient of convergence
• Trader distribution
• Speed of learning
As I mentioned in Table 5.2, for each aspect, I compare the following two different charging sets:
• All markets charge the same amount of profit fees and registration fees;
• Each market charges the same amount of registration fees but different profit fees.
And I do these comparisons for both ǫ-greedy and softmax leaning strategies.
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5.4.1.1 Allocative efficiency
First, I compare the market allocative efficiency between non-transfer learning market selection
strategies (ǫ-greedy or softmax ) and transfer learning market selection strategies like sf-eg and
mhsf-eg or sf-sm and mhsf-sm. In this part of the experiment, I am trying to answer questions
Q5.1 and Q5.2 from market efficiency perspective.
Let’s look at the results of the allocative efficiency comparison. Figures [5.1a - 5.3d] show the 10-
day-average global efficiency of the ǫ-greedy strategy and sf-eg strategy where all markets charge
the same profit fees and registration fees. In each figure, the dotted line indicates the non-transfer
learning strategy (ǫ-greedy strategy), while the solid line indicates the transfer learning strategy
(sf-eg). As we can see from the plots, the transfer learning market selection strategy (sf-eg)
outperforms (generates higher global efficiency) non-transfer learning market selection strategy (ǫ-
greedy strategy) for all kinds of network topology and for all trading strategies (zic, zip, mre and
azip). This is especially true in hub-like network topology network markets (the star network and
the scale-free network), where the sf-eg strategy gives us much better global efficiency than original
ǫ-greedy strategy does. Also, the closer it gets to the last trading day, the bigger the difference in
global efficiency between the sf-eg strategy (transfer learning strategy) and the ǫ-greedy strategy
(non transfer learning strategy).
As another experiment, I would like to consider network markets that charge differently. In this set
of experiments, the profit fees charged by markets are set to different values — 5%, 10%, 15%, 20%
and 25%. As discussed in Section 4.2.2, the reason for choosing these charging levels is because that,
for a market to be competitive against other markets, the market shouldn’t overcharge. According
to [Honari et al., 2009] (which charges 20% profit fees) and [Stavrogiannis and Mitkas, 2009] (which
charges 10% − 30% profit fees), profit fees charge between 0% − 30% look like a reasonable pick.
Figures [5.4a - 5.6d] show some of the results for the 10-day-average global efficiency of the ǫ-greedy
strategy and the sf-eg strategy. Again, we can clearly see that the sf-eg strategy outperforms the
original ǫ-greedy strategy for all kinds of network topology and for all four trading strategies (zic,
zip, mre and azip). Furthermore, the differences between the ǫ-greedy strategy and the sf-eg
strategy are even more significant than those in the first charging set (all markets change the same
profit fees). For further comparison, I will look at the overall average global efficiency of both
transfer learning market selection strategies and non-transfer learning market selection strategy.
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Figure 5.1: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure 5.2: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure 5.3: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).
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Figure 5.4: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees but
different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(sf-eg).




































Figure 5.5: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(sf-eg).




































Figure 5.6: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(sf-eg).
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Table 5.7 and Table 5.8 compare the overall average global efficiency results of the ǫ-greedy strategy
and the sf-eg strategy. Similar to what I did in Chapter 4, in order to make sure one global value
is significantly better than the other one, I used the Mann-Whitney U test between two populations
of global values for each comparison. I also carried out the Holm-Bonferroni procedure to handle
the family-wise error rates. If one global value is significantly better than the other one at the 95%
level for both the pair-wise test and the family-wise test, then this number will be in bold and has
a ⋆ before it, if one global value is significantly better than the other one at the 95% level only for
the pair-wise test, then this number will have a ⭐ before it. As we can see from the table, even
if we consider the family-wise error rates, the sf-eg market selection strategy (transfer learning)
gives us significant higher global efficiency than the original ǫ-greedy (non-transfer learning) does
for most of trading strategies and different kinds of network topology. The ∆% column in the table
shows the global efficiency difference between the sf-eg strategy and the original ǫ-greedy as a
percentage — it means how many percent the global efficiency of the sf-eg strategy is better than
that of the ǫ-greedy strategy. It gives us an idea of how much global efficiency improvement we
can get by using a transfer learning market selection strategy. If there is no significant difference
between two values, I set the ∆% value to “-”. For the CDA markets, the results (Table 5.7) show
that, in general, sf-eg market selection strategy can improve the global efficiency by around 1% -
4%. The improvement is especially noticeable for hub-like network markets like star network and
scale-free network markets with zip and azip traders, in which the global efficiency can be improved
by around 3% - 4%. It’s worth noting that even with zic traders, sf-eg market selection strategy
can still help to improve the global efficiency by around 1% - 3%. We know that for the zic trading
strategy, there is no learning at all, meaning that most of the global efficiency improvement is due
to the market selection strategy. Comparing the overall average global efficiency results between
the ǫ-greedy strategy and the mhsf-eg strategy are shown in Table 5.9. The mhsf-eg strategy in
most cases (37 out of 48) gives us significant higher global efficiency than the original ǫ-greedy (non-
transfer learning) does. For the CH markets (Table 5.8), although the ∆% values are smaller than
those of CDA markets, in most cases, sf-eg still provides significantly higher global efficiency than
the original ǫ-greedy (non-transfer learning) does. Therefore, for the ǫ-greedy learning strategy, we
can apply transfer learning to it to help improve the overall average global efficiency.
The results for the softmax strategy are shown in Figures [5.7a - 5.9d] and Figures [5.10a - 5.12d].
Similar to the results for the ǫ-greedy strategy, transfer learning strategies like the sf-sm strategy
and the mhsf-sm strategy provide higher global efficiency. When we look at the overall average
global efficiency results shown in Table 5.10 and Table 5.11, we can see that, for all scenarios,
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Table 5.7: Global efficiency comparison between ǫ-greedy strategy and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 90.756 ⋆91.542 0.87
ZIP 87.805 ⋆88.82 1.16
RE 92.14 ⋆92.812 0.73
AZIP 88.08 ⋆88.92 0.95
Fully
ZIC 90.833 ⋆92.816 2.18
ZIP 86.695 ⋆87.2 0.58
RE 92.032 ⋆93.243 1.32
AZIP 86.858 ⋆87.186 0.38
Ring
ZIC 90.781 ⋆91.725 1.04
ZIP 87.944 ⋆88.829 1.01
RE 92.185 ⋆92.931 0.81
AZIP 88.04 ⋆88.726 0.78
Star
ZIC 91.822 ⋆93.059 1.35
ZIP 87.422 ⋆91.659 4.85
RE 93.188 ⋆93.988 0.86
AZIP 87.329 ⋆90.774 3.94
Smallworld
ZIC 90.974 ⋆92.019 1.15
ZIP 87.373 ⋆88.297 1.06
RE 92.197 ⋆93.051 0.93
AZIP 87.618 ⋆88.341 0.83
Scalefree
ZIC 91.443 ⋆92.829 1.52
ZIP 88.43 ⋆91.15 3.08
RE 92.7 ⋆93.685 1.06
AZIP 88.401 ⋆91.231 3.20
Different
Chain
ZIC 90.633 ⋆91.791 1.28
ZIP 87.851 ⋆88.6 0.85
RE 91.988 ⋆93.006 1.11
AZIP 88.155 ⋆88.637 0.55
Fully
ZIC 90.739 ⋆93.252 2.77
ZIP 86.689 ⋆87.115 0.49
RE 92.096 ⋆93.783 1.83
AZIP 86.863 ⋆87.251 0.45
Ring
ZIC 90.676 ⋆91.839 1.28
ZIP 87.917 ⋆88.793 1.00
RE 92.09 ⋆93.162 1.16
AZIP 88.058 ⋆88.868 0.92
Star
ZIC 91.748 ⋆94.569 3.07
ZIP 87.083 ⋆91.414 4.97
RE 93.128 ⋆95.014 2.03
AZIP 87.264 ⋆90.878 4.14
Smallworld
ZIC 90.779 ⋆92.38 1.76
ZIP 87.435 ⋆88.343 1.04
RE 92.146 ⋆93.447 1.41
AZIP 87.622 ⋆88.496 1.00
Scalefree
ZIC 91.329 ⋆93.611 2.50
ZIP 88.256 ⋆91.646 3.84
RE 92.672 ⋆94.238 1.69
AZIP 88.334 ⋆91.162 3.20
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only the pair-wise test, ∆ is the difference between the two values being
compared, a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table 5.8: Global efficiency comparison in CH markets between ǫ-greedy strategy
and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 96.626 ⋆96.756 0.13
ZIP 94.207 ⋆95.087 0.93
RE 96.457 ⋆96.505 0.05
AZIP 94.123 ⋆94.999 0.93
Fully
ZIC ⋆96.636 96.594 -0.04
ZIP 93.65 ⋆94.783 1.21
RE ⋆96.378 96.291 -0.09
AZIP 93.614 ⋆94.455 0.90
Ring
ZIC 96.763 ⋆96.926 0.17
ZIP 94.382 ⋆95.186 0.85
RE 96.537 ⋆96.759 0.23
AZIP 94.305 ⋆95.092 0.83
Star
ZIC 97.349 ⋆97.654 0.31
ZIP 93.412 ⋆97.044 3.89
RE 97.171 ⋆97.523 0.36
AZIP 93.448 ⋆96.985 3.78
Smallworld
ZIC 96.765 ⋆96.809 0.05
ZIP 94.063 ⋆95.086 1.09
RE 96.594 ⋆96.647 0.05
AZIP 94.095 ⋆94.964 0.92
Scalefree
ZIC 97.151 ⋆97.438 0.30
ZIP 93.81 ⋆96.742 3.13
RE 97.001 ⋆97.25 0.26
AZIP 93.8 ⋆96.567 2.95
Different
Chain
ZIC 96.616 ⋆96.763 0.15
ZIP 94.271 ⋆95.169 0.95
RE 96.415 ⋆96.726 0.32
AZIP 94.19 ⋆94.951 0.81
Fully
ZIC 96.801 ⋆96.879 0.08
ZIP 93.643 ⋆94.743 1.17
RE 96.544 ⋆96.624 0.08
AZIP 93.622 ⋆94.487 0.92
Ring
ZIC 96.692 ⋆96.995 0.31
ZIP 94.383 ⋆95.154 0.82
RE 96.622 ⋆96.752 0.13
AZIP 94.322 ⋆95.061 0.78
Star
ZIC 97.36 ⋆97.695 0.34
ZIP 93.31 ⋆97.018 3.97
RE 97.218 ⋆97.592 0.38
AZIP 93.301 ⋆96.969 3.93
Smallworld
ZIC 96.805 ⋆96.984 0.18
ZIP 94.09 ⋆95.075 1.05
RE 96.639 ⋆96.751 0.12
AZIP 94.059 ⋆94.867 0.86
Scalefree
ZIC 97.188 ⋆97.563 0.39
ZIP 93.964 ⋆96.727 2.94
RE 97.037 ⋆97.381 0.35
AZIP 93.753 ⋆96.538 2.97
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only the pair-wise test, ∆ is the difference between the two values being compared,
a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table 5.9: Global efficiency comparison between ǫ-greedy strategy and MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC 90.756 ⋆91.969 1.34
ZIP 87.805 ⋆87.834 0.03
RE 92.14 ⋆92.803 0.72
AZIP ⭐88.08 87.95 -0.15
Fully
ZIC 90.833 ⋆92.557 1.90
ZIP 86.695 ⋆87.183 0.56
RE 92.032 ⋆92.989 1.04
AZIP 86.858 ⋆87.136 0.32
Ring
ZIC 90.781 ⋆91.961 1.30
ZIP 87.944 87.792 -0.17
RE 92.185 ⋆92.863 0.74
AZIP ⋆88.04 87.858 -0.21
Star
ZIC 91.822 ⋆92.792 1.06
ZIP 87.422 ⋆91.335 4.48
RE 93.188 ⋆93.753 0.61
AZIP 87.329 ⋆89.564 2.56
Smallworld
ZIC 90.974 ⋆92.576 1.76
ZIP ⋆87.373 87.039 -0.38
RE 92.197 ⋆93.074 0.95
AZIP ⋆87.618 87.074 -0.62
Scalefree
ZIC 91.443 ⋆92.692 1.37
ZIP 88.43 ⋆91.469 3.44
RE 92.7 ⋆93.576 0.94
AZIP 88.401 ⋆90.608 2.50
Different
Chain
ZIC 90.633 ⋆92.019 1.53
ZIP 87.851 87.825 -
RE 91.988 ⋆93.059 1.16
AZIP 88.155 88.032 -
Fully
ZIC 90.739 ⋆93.158 2.67
ZIP 86.689 ⋆87.048 0.41
RE 92.096 ⋆93.673 1.71
AZIP 86.863 ⋆87.172 0.36
Ring
ZIC 90.676 ⋆92.21 1.69
ZIP 87.917 87.8 -
RE 92.09 ⋆93.128 1.13
AZIP 88.058 87.951 -
Star
ZIC 91.748 ⋆93.766 2.20
ZIP 87.083 ⋆91.349 4.90
RE 93.128 ⋆94.47 1.44
AZIP 87.264 ⋆89.564 2.64
Smallworld
ZIC 90.779 ⋆93 2.45
ZIP ⋆87.435 87.017 -0.48
RE 92.146 ⋆93.494 1.46
AZIP ⋆87.622 87.163 -0.52
Scalefree
ZIC 91.329 ⋆93.633 2.52
ZIP 88.256 ⋆91.476 3.65
RE 92.672 ⋆94.169 1.62
AZIP 88.334 ⋆90.893 2.90
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only the pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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transfer learning market selection strategies (sf-sm and mhsf-sm) give us significantly higher global
efficiency than the original softmax strategy does. And in most cases, the sf-sm strategy and the
mhsf-sm strategy improve the overall average global efficiency by around 2% - 4% for CDA markets
(Table 5.10) and around 1% - 2% for CHmarkets (Table 5.11). The comparison between the softmax
strategy and the mhsf-sm strategy can be found in Appendix B, which give us similar results.
The results for both the ǫ-greedy and the softmax learning strategies show that, by applying transfer
learning to the market selection strategy, we can improve the overall average global efficiency
(Q5.1).
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Figure 5.7: Transfer learning market selection strategy (sf-sm) VS non-transfer learning market
selection strategy (softmax strategy) in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (softmax
strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure 5.8: Transfer learning market selection strategy (sf-sm) VS non-transfer learning market
selection strategy (softmax strategy) in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (softmax
strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure 5.9: Transfer learning market selection strategy (sf-sm) VS non-transfer learning market
selection strategy (softmax strategy) in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (softmax
strategy), while solid line indicates transfer learning strategy (sf-sm).
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Table 5.10: Global efficiency comparison between softmax strategy and SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 86.262 ⋆89.721 4.01
ZIP 88.339 ⋆90.542 2.49
RE 87.939 ⋆91.49 4.04
AZIP 88.737 ⋆90.834 2.36
Fully
ZIC 87.678 ⋆91.131 3.94
ZIP 89.259 ⋆89.778 0.58
RE 89.237 ⋆92.729 3.91
AZIP 89.226 ⋆90.087 0.96
Ring
ZIC 86.321 ⋆89.982 4.24
ZIP 88.476 ⋆90.712 2.53
RE 87.97 ⋆91.729 4.27
AZIP 88.775 ⋆90.878 2.37
Star
ZIC 86.663 ⋆89.762 3.58
ZIP 88.579 ⋆91.044 2.78
RE 88.003 ⋆91.608 4.10
AZIP 88.6 ⋆91.114 2.84
Smallworld
ZIC 86.353 ⋆90.444 4.74
ZIP 89.002 ⋆90.727 1.94
RE 88.385 ⋆92.156 4.27
AZIP 89.021 ⋆91.052 2.28
Scalefree
ZIC 86.251 ⋆90.249 4.64
ZIP 88.755 ⋆90.857 2.37
RE 87.944 ⋆91.861 4.45
AZIP 88.686 ⋆91.059 2.68
Different
Chain
ZIC 85.778 ⋆89.721 4.60
ZIP 88.671 ⋆90.542 2.11
RE 87.839 ⋆91.49 4.16
AZIP 88.704 ⋆90.834 2.40
Fully
ZIC 87.808 ⋆91.131 3.78
ZIP 89.31 ⋆89.778 0.52
RE 89.549 ⋆92.729 3.55
AZIP 89.225 ⋆90.087 0.97
Ring
ZIC 86.58 ⋆89.982 3.93
ZIP 88.751 ⋆90.712 2.21
RE 87.913 ⋆91.729 4.34
AZIP 88.732 ⋆90.878 2.42
Star
ZIC 86.51 ⋆89.762 3.76
ZIP 88.661 ⋆91.044 2.69
RE 87.746 ⋆91.608 4.40
AZIP 88.294 ⋆91.114 3.19
Smallworld
ZIC 86.34 ⋆90.444 4.75
ZIP 89.115 ⋆90.727 1.81
RE 88.446 ⋆92.156 4.19
AZIP 89.007 ⋆91.052 2.30
Scalefree
ZIC 86.711 ⋆90.249 4.08
ZIP 88.742 ⋆90.857 2.38
RE 88.086 ⋆91.861 4.29
AZIP 88.748 ⋆91.059 2.60
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only the pair-wise test, ∆ is the difference between the two values being
compared, a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table 5.11: global efficiency comparison in CH markets between softmax strategy
and SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 94.803 ⋆95.538 0.78
ZIP 93.699 ⋆96.043 2.50
RE 95.185 ⋆95.802 0.65
AZIP 93.935 ⋆96.139 2.35
Fully
ZIC 96.267 ⋆96.71 0.46
ZIP 94.989 ⋆96.002 1.07
RE 96.23 ⋆96.827 0.62
AZIP 95.108 ⋆96.268 1.22
Ring
ZIC 94.983 ⋆95.784 0.84
ZIP 94.163 ⋆96.259 2.23
RE 95.077 ⋆95.776 0.74
AZIP 94.177 ⋆96.225 2.17
Star
ZIC 95.504 ⋆95.702 0.21
ZIP 93.868 ⋆96.085 2.36
RE 95.27 ⋆95.97 0.73
AZIP 93.959 ⋆96.127 2.31
Smallworld
ZIC 95.356 ⋆96.133 0.81
ZIP 94.15 ⋆96.47 2.46
RE 95.504 ⋆96.468 1.01
AZIP 94.622 ⋆96.657 2.15
Scalefree
ZIC 95.29 ⋆96.018 0.76
ZIP 94.162 ⋆96.396 2.37
RE 95.072 ⋆96.142 1.13
AZIP 94.192 ⋆96.458 2.41
Different
Chain
ZIC 95.42 ⋆95.538 0.12
ZIP 94.049 ⋆96.043 2.12
RE 95.06 ⋆95.802 0.78
AZIP 93.956 ⋆96.139 2.32
Fully
ZIC 96.248 ⋆96.71 0.48
ZIP 94.926 ⋆96.002 1.13
RE 96.044 ⋆96.827 0.82
AZIP 94.985 ⋆96.268 1.35
Ring
ZIC 94.949 ⋆95.784 0.88
ZIP 94.139 ⋆96.259 2.25
RE 95.116 ⋆95.776 0.69
AZIP 94.264 ⋆96.225 2.08
Star
ZIC 95.027 ⋆95.702 0.71
ZIP 94.23 ⋆96.085 1.97
RE 95.207 ⋆95.97 0.80
AZIP 94.175 ⋆96.127 2.07
Smallworld
ZIC 95.634 ⋆96.133 0.52
ZIP 94.471 ⋆96.47 2.12
RE 95.134 ⋆96.468 1.40
AZIP 94.453 ⋆96.657 2.33
Scalefree
ZIC 95.152 ⋆96.018 0.91
ZIP 94.245 ⋆96.396 2.28
RE 95.192 ⋆96.142 1.00
AZIP 94.109 ⋆96.458 2.50
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only the pair-wise test, ∆ is the difference between the two values being
compared, a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Figure 5.10: Transfer learning market selection strategy (sf-sm) VS non-transfer learning market
selection strategy (softmax strategy) in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees but
different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (softmax strategy), while solid line indicates transfer learning strategy
(sf-sm).




































Figure 5.11: Transfer learning market selection strategy (sf-sm) VS non-transfer learning market
selection strategy (softmax strategy) in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (softmax strategy), while solid line indicates transfer learning strategy
(sf-sm).




































Figure 5.12: Transfer learning market selection strategy (sf-sm) VS non-transfer learning market
selection strategy (softmax strategy) in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (softmax strategy), while solid line indicates transfer learning strategy
(sf-sm).
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The last-10-day results for the original ǫ-greedy strategy and the transfer learning strategies (sf-
eg and mhsf-eg) are shown in Table 5.12 and Table 5.13. Again, from the results we can tell
that, both the sf-eg and mhsf-eg market selection strategies give significantly higher last-10-day
average global efficiency than the ǫ-greedy strategy does in most cases (48 out of 48 for the sf-
eg strategy and 44 out of 48 for the mhsf-eg strategy) after considering family-wise error rates.
And if we compare the average global efficiency results (Table 5.9) and the last-10-day average
global efficiency results (Table 5.13) for the mhsf-eg strategy, we can see that, when comparing
the average global efficiency results, the mhsf-eg strategy outperforms the ǫ-greedy strategy in
37 out of 48 cases, while in the last-10-day average global efficiency results, the mhsf-eg strategy
outperforms the ǫ-greedy strategy in 44 out of 48 cases. Also, if we look at the daily global efficiency
plots shown in Figures [5.1a - 5.3d], we can notice that, in most cases, as the trading day becomes
closer to the last day, the global efficiency difference between the sf-eg strategy and the ǫ-greedy
strategy gets larger and larger. By comparing the ∆% values between the last-10-day results and
the overall average results (Table 5.9 VS Table 5.13 and Table 5.7 VS Table 5.12), we can see
that the ∆% values in the last-10-day results tables are larger than those of corresponding overall
average results tables. This suggests that transfer learning market selection strategies do help to
improve the final global allocative efficiency, and hence the final state that is learned (Q5.2).
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Table 5.12: Last-10-day global efficiency comparison between ǫ-greedy strategy and
SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 91.004 ⋆91.911 1.00
ZIP 88.302 ⋆90.223 2.18
RE 92.432 ⋆93.455 1.11
AZIP 88.591 ⋆90.061 1.66
Fully
ZIC 90.805 ⋆93.901 3.41
ZIP 87.189 ⋆88.995 2.07
RE 92.078 ⋆94.322 2.44
AZIP 87.563 ⋆88.506 1.08
Ring
ZIC 91.11 ⋆92.248 1.25
ZIP 88.395 ⋆89.596 1.36
RE 92.582 ⋆93.425 0.91
AZIP 88.411 ⋆89.997 1.79
Star
ZIC 92.074 ⋆93.575 1.63
ZIP 86.907 ⋆93.606 7.71
RE 93.634 ⋆94.591 1.02
AZIP 89.286 ⋆93.903 5.17
Smallworld
ZIC 90.987 ⋆92.815 2.01
ZIP 87.839 ⋆89.337 1.71
RE 92.353 ⋆93.656 1.41
AZIP 88.323 ⋆89.49 1.32
Scalefree
ZIC 91.583 ⋆93.525 2.12
ZIP 90.121 ⋆93.073 3.28
RE 93.145 ⋆94.264 1.20
AZIP 89.604 ⋆93.931 4.83
Different
Chain
ZIC 90.705 ⋆92.318 1.73
ZIP 88.294 ⋆89.641 1.92
RE 92.303 ⋆93.594 1.49
AZIP 88.68 ⋆89.647 1.59
Fully
ZIC 90.59 ⋆94.569 4.44
ZIP 87.36 ⋆88.697 0.85
RE 92.194 ⋆94.934 2.90
AZIP 87.61 ⋆88.839 2.23
Ring
ZIC 90.693 ⋆92.36 1.96
ZIP 88.622 ⋆89.775 1.23
RE 92.384 ⋆93.83 1.73
AZIP 88.593 ⋆89.899 1.57
Star
ZIC 92.261 ⋆95.651 3.64
ZIP 87.452 ⋆94.131 6.01
RE 93.678 ⋆95.991 2.46
AZIP 87.779 ⋆93.364 8.79
Smallworld
ZIC 90.626 ⋆93.185 3.18
ZIP 88.069 ⋆89.562 1.59
RE 92.235 ⋆94.218 2.31
AZIP 88.215 ⋆89.778 1.79
Scalefree
ZIC 91.597 ⋆94.514 3.26
ZIP 89.552 ⋆94.27 4.50
RE 93.072 ⋆95.014 2.16
AZIP 89.181 ⋆93.721 5.10
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only the pair-wise test, ∆ is the difference between the two values being
compared, a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table 5.13: Last-10-day global efficiency comparison between ǫ-greedy strategy and
MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC 91.004 ⋆92.982 2.17
ZIP 88.302 ⋆88.913 0.69
RE 92.432 ⋆93.59 1.25
AZIP 88.591 88.908 -
Fully
ZIC 90.805 ⋆93.796 3.29
ZIP 87.189 ⋆88.736 1.77
RE 92.078 ⋆93.988 2.07
AZIP 87.563 ⋆88.971 1.61
Ring
ZIC 91.11 ⋆93.139 2.23
ZIP 88.395 ⋆88.987 0.67
RE 92.582 ⋆93.758 1.27
AZIP 88.411 ⋆89.214 0.91
Star
ZIC 92.074 ⋆93.955 2.04
ZIP 86.907 ⋆95.189 9.53
RE 93.634 ⋆94.766 1.21
AZIP 89.286 ⋆92.082 3.13
Smallworld
ZIC 90.987 ⋆94.069 3.39
ZIP 87.839 ⋆88.707 0.99
RE 92.353 ⋆94.109 1.90
AZIP 88.323 ⋆88.705 0.43
Scalefree
ZIC 91.583 ⋆93.885 2.51
ZIP 90.121 ⋆93.846 4.13
RE 93.145 ⋆94.607 1.57
AZIP 89.604 ⋆93.797 4.68
Different
Chain
ZIC 90.725 ⋆93.22 2.75
ZIP 88.053 ⋆88.927 0.99
RE 92.284 ⋆94.053 1.92
AZIP 88.575 ⋆89.064 0.55
Fully
ZIC 90.67 ⋆94.515 4.24
ZIP 87.534 ⋆89.044 1.73
RE 92.384 ⋆94.891 2.71
AZIP 87.387 ⋆89.621 2.56
Ring
ZIC 90.638 ⋆93.422 3.07
ZIP 88.871 ⭐89.145 0.31
RE 92.444 ⋆94.229 1.93
AZIP 88.507 ⋆89.42 1.03
Star
ZIC 92.179 ⋆95.303 3.39
ZIP 89.137 ⋆95.327 6.94
RE 93.736 ⋆95.961 2.37
AZIP 86.968 ⋆93.013 6.95
Smallworld
ZIC 90.417 ⋆94.349 4.35
ZIP 88.467 ⭐88.618 0.17
RE 92.14 ⋆94.576 2.64
AZIP 88.23 88.347 -
Scalefree
ZIC 91.611 ⋆95.12 3.83
ZIP 90.167 ⋆94.583 4.90
RE 92.971 ⋆95.765 3.01
AZIP 89.269 ⋆94.649 6.03
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only the pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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5.4.1.2 Coefficient of convergence
As I discussed in Chapter 2, market allocative efficiency tells us how close the actual overall revenue
is to the theoretical overall revenue. However, it says nothing about how close a market is to trading
at the equilibrium price. So, in this second set of tests, I would like to find out whether using transfer
learning on market selection strategy can help lower the global coefficient of convergence (a.k.a.
global α). As already discussed, the lower the global coefficient of convergence, the closer the
overall “network market” trades to the global market equilibrium. Therefore, if we can lower the
global coefficient of convergence values by using a transfer learning market selection strategy, then
it means that we can help the “network market” trade closer to the global market equilibrium by
using a transfer learning market selection strategy. Similar to what I did in Section 5.4.1.1, I am
going to look at the overall global coefficient of convergence and the last-10-day global coefficient
of convergence.
Some of the 10-day-average global coefficient of convergence plots for sf-eg vs ǫ-greedy are shown
in Figures [5.13a - 5.18d]. Figures [5.13a - 5.15d] are the plots where all markets charge the same
profit fees, while Figures [5.16a - 5.18d] show the plots where markets charge different profit fees.
The solid line indicates the transfer learning market selection strategy (sf-eg), while the dotted
line indicates the non-transfer learning strategy (the original ǫ-greedy strategy). From the plots
of both same profit charge and different profit charge, we can tell that, in most cases, the sf-eg
strategy gives us lower 10-day-average global α than the original ǫ-greedy strategy does.
For further comparison, let’s first look at the overall average α results shown in Table 5.14 and
Table 5.15. Again, in order to make sure one global value is significantly better than the other one,
I did the Mann-Whitney U test between two populations of global values for each comparison. I
also carried out the Holm-Bonferroni procedure to handle the family-wise error rates. If one global
value is significantly better than the other one on the same line at the 95% level for both the
pair-wise test and the family-wise test, then this number will be in bold and has a ⋆ before it, if
one global value is significantly better than the other one at the 95% level only for the pair-wise
test, then this number will have a ⭐ before it. The ∆% means how many percent the global α of
the transfer learning strategy is lower than that of the non-transfer learning strategy. This means
that if the global α of the transfer learning strategy is lower than the non-transfer learning strategy,
the ∆% value is positive, otherwise, the ∆% is negative. Table 5.14 shows the results comparing
the ǫ-greedy strategy and the sf-eg strategy. The result shows that the sf-eg strategy can help
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lower the overall average global α values significantly in most cases (47 out of 48), even when we
consider the family-wise error rates. When we look at the ∆% (difference in percentage) values,
we find that the sf-eg strategy in general helps lower the α values by around 2% - 10%. For zi-c
traders, the sf-eg helps lower the global α values by around 2% - 3% when all markets charge
the same, and by around 2% - 7% when markets charge different profit fees. For mre traders, the
sf-eg strategy helps lower the global α values by around 2% - 3%. And for azip and zip traders,
the sf-eg strategy helps lower the α values by around 6% - 10%. Table 5.15 shows the comparison
between the ǫ-greedy strategy and the mhsf-eg strategy. Again, the mhsf-eg strategy provides
better (lower) overall average global α values in 44 out of 48 cases. For zi-c traders, the mhsf-eg
strategy helps lower the global α values by around 4% - 7% for the same charging network markets,
and by around 5% - 10% for different profit fee charging network markets. For mre traders, the
mhsf-eg strategy helps lower the global α values by around 2% - 5%. For azip traders, the mhsf-
eg strategy helps lower the global α values by around 2% - 3%. And for zip traders, in the same
charging network markets, the mhsf-eg strategy lowers the global α values by around 2% - 15%,
while in the different profit fee charging network markets, it helps lowers the global α values by
around 2% - 17%. Especially for hub-like network markets like the star network and the scale-free
network, the mhsf-eg strategy helps lower the global α values by around 10% - 17%.
It’s worth noting that, as for the global allocative efficiency, when we look at the zi-c trading
strategy, since there is no learning at all, all the improvement in coefficient of convergence is caused
by the improvement of the trader distribution over all the markets. We also know that the trader
distribution is mostly affected by the traders’ market selection strategy (in Section 5.4.1.3, I will
show that transfer learning market selection strategy does help improve the trader distribution in
network markets). In addition, the effectiveness of a market selection strategy might be affected by
the network topology and the identicalness of each individual market in the “network market”. The
global coefficient of convergence results show that the transfer learning market selection strategy
sf-eg can help lower the global α values for different kinds of network topology and for both same
profit fee charging network markets and different profit fee charging network markets. Therefore,
we can conclude that using transfer learning on a trader’s market selection can help to lower the
overall average global coefficient of convergence, meaning that it can help the network markets
trade closer to the global equilibrium price (Q5.1).
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Figure 5.13: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure 5.14: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure 5.15: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).
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Figure 5.16: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).




































Figure 5.17: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).




































Figure 5.18: Transfer learning market selection strategy (sf-eg) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).
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To answer the Question Q5.2, I will look at some of the last-10-day global coefficient of convergence
results shown in Table 5.16 and Table 5.17. Table 5.16 shows the comparison between the ǫ-greedy
strategy and the sf-eg strategy for CDA markets. Similar to the overall average global α results
shown in Table 5.14, the last-10-day global α values generated by the sf-eg strategy are significantly
lower than those generated by the original ǫ-greedy strategy. When we look at the percentage of
changes (∆%), we can see that, in most cases, the ∆% values in the last-10-day table are even higher
than those values in the overall average table. For example, for the same charging network markets
with the zip traders, the ∆% values in the overall average table (Table 5.14) are in the range of
4% - 11%, while those values in the last-10-day table (Table 5.16) are in the range of 2% - 19%.
Except for the scale-free network market, the ∆% values in the last-10-day table are all above 10%,
higher than those values in the overall average table. The results of the CH markets are similar,
the last-10-day ∆% values are larger in most cases. From some of the Figures [5.13a - 5.18d], we
can also tell that, as the trading day gets closer and closer to the last day, the gaps between the
transfer learning market selection strategy (sf-eg) and the non-transfer learning market strategy
are getting larger and larger. This suggests that the transfer learning market selection strategies
can help lower the last-10-day global coefficient of convergence.
From both the overall average and the last-10-day average global α results, we can conclude that,
using transfer learning on traders’ market selection strategy can help network markets trade closer
to the global equilibrium price.
5.4.1.3 Trader distribution
In Chapter 4, we found that using transfer learning on trading strategies doesn’t really help to
improve the trader distribution over the whole “network market”. Here I would like to see if
transfer learning at the market selection level can solve the problem. That is I would like to find
out whether a transfer learning market selection strategy can help to improve the trader distribution
over the “network market” (Q5.3). To do this, I will compare the trader distribution between the
first trading day and the last trading day of each experiment. To do that, I will look at the supply
and demand curve first.
Let’s look at a subset of the results, those for scale-free network market with traders using the
zi-c trading strategy and the sf-eg market selection strategy. All individual markets charge 0.5
registration fees but different profit fees (M0, M5, M10 and M15 charge 5% profit fees, M1, M6,
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Table 5.14: Global coefficient of convergence comparison between ǫ-greedy strategy
and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 22.139 ⋆21.671 2.11
ZIP 10.126 ⋆9.0123 11.00
RE 19.776 ⋆19.428 1.76
AZIP 9.7579 ⋆9.1255 6.48
Fully
ZIC 22.136 ⋆20.597 6.95
ZIP 10.411 ⋆9.491 8.84
RE 19.828 ⋆19.002 4.17
AZIP 10.251 ⋆9.8811 3.61
Ring
ZIC 22.141 ⋆21.631 2.30
ZIP 9.7894 ⋆8.8185 9.92
RE 19.737 ⋆19.385 1.78
AZIP 9.6564 ⋆9.0018 6.78
Star
ZIC 21.837 ⋆21.194 2.94
ZIP 7.963 ⋆7.0284 11.74
RE 19.426 ⋆19.144 1.45
AZIP 7.9424 ⋆7.4176 6.61
Smallworld
ZIC 22.074 ⋆21.386 3.12
ZIP 10.101 ⋆9.011 10.79
RE 19.765 ⋆19.286 2.42
AZIP 9.8694 ⋆9.2587 6.19
Scalefree
ZIC 21.964 ⋆21.151 3.70
ZIP 8.1464 ⋆7.7943 4.32
RE 19.589 ⋆19.176 2.11
AZIP 7.8123 7.8774 -
Different
Chain
ZIC 22.236 ⋆21.643 2.67
ZIP 10.152 ⋆9.2011 9.37
RE 19.77 ⋆19.291 2.42
AZIP 9.7348 ⋆9.29 4.57
Fully
ZIC 22.257 ⋆20.453 8.11
ZIP 10.487 ⋆9.5748 8.70
RE 19.853 ⋆18.811 5.25
AZIP 10.157 ⋆9.8908 2.62
Ring
ZIC 22.226 ⋆21.63 2.68
ZIP 9.8731 ⋆8.8541 10.32
RE 19.781 ⋆19.25 2.68
AZIP 9.7074 ⋆8.9328 7.98
Star
ZIC 21.945 ⋆20.362 7.21
ZIP 8.1041 ⋆7.114 12.22
RE 19.462 ⋆18.836 3.22
AZIP 7.9966 ⋆7.3857 7.64
Smallworld
ZIC 22.246 ⋆21.268 4.40
ZIP 10.054 ⋆9.0636 9.85
RE 19.81 ⋆19.145 3.36
AZIP 9.7914 ⋆9.1644 6.40
Scalefree
ZIC 22.057 ⋆20.787 5.76
ZIP 8.1536 ⋆7.5513 7.39
RE 19.629 ⋆18.966 3.38
AZIP 7.9345 ⋆7.9232 0.14
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only the pair-wise test, ∆ is the difference between the two values being compared, a positive ∆%
value indicates the global α of the transfer learning strategy is lower.
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Table 5.15: Global coefficient of convergence comparison between ǫ-greedy strategy and
MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC 22.139 ⋆21.129 4.56
ZIP 10.126 ⋆9.4526 6.65
RE 19.776 ⋆19.213 2.85
AZIP 9.7579 ⋆9.6161 1.45
Fully
ZIC 22.136 ⋆20.729 6.36
ZIP 10.411 ⋆9.5269 8.49
RE 19.828 ⋆19.089 3.73
AZIP 10.251 ⋆9.8903 3.52
Ring
ZIC 22.141 ⋆21.024 5.04
ZIP 9.7894 ⋆9.4544 3.42
RE 19.737 ⋆19.168 2.88
AZIP 9.6564 9.6403 -
Star
ZIC 21.837 ⋆20.2 7.50
ZIP 7.963 ⋆6.7175 15.64
RE 19.426 ⋆18.515 4.69
AZIP 7.9424 ⋆7.7392 2.56
Smallworld
ZIC 22.074 ⋆20.535 6.97
ZIP 10.101 ⋆9.8697 2.29
RE 19.765 ⋆18.985 3.95
AZIP ⋆9.8694 10.128 -2.62
Scalefree
ZIC 21.964 ⋆20.253 7.79
ZIP 8.1464 ⋆7.3171 10.18
RE 19.589 ⋆18.633 4.88
AZIP ⭐7.8123 7.8387 -0.34
Different
Chain
ZIC 22.236 ⋆21.079 5.20
ZIP 10.152 ⋆9.4884 6.54
RE 19.77 ⋆19.055 3.62
AZIP 9.7348 ⋆9.5332 2.07
Fully
ZIC 22.257 ⋆20.548 7.68
ZIP 10.487 ⋆9.5822 8.63
RE 19.853 ⋆18.887 4.87
AZIP 10.157 ⋆9.8737 2.79
Ring
ZIC 22.226 ⋆20.953 5.73
ZIP 9.8731 ⋆9.491 3.87
RE 19.781 ⋆18.999 3.95
AZIP 9.7074 ⋆9.5632 1.49
Star
ZIC 21.945 ⋆19.563 10.85
ZIP 8.1041 ⋆6.7117 17.18
RE 19.462 ⋆18.132 6.83
AZIP 7.9966 ⋆7.7068 3.62
Smallworld
ZIC 22.246 ⋆20.453 8.06
ZIP 10.054 ⋆9.871 1.82
RE 19.81 ⋆18.847 4.86
AZIP ⋆9.7914 10.071 -2.86
Scalefree
ZIC 22.057 ⋆19.697 10.70
ZIP 8.1536 ⋆7.2552 11.02
RE 19.629 ⋆18.305 6.75
AZIP 7.9345 ⋆7.704 2.91
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95% level
for only the pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table 5.16: Last-10-day global coefficient of convergence comparison between ǫ-
greedy strategy and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 22.121 ⋆21.691 1.94
ZIP 9.2996 ⋆8.189 11.94
RE 19.738 ⋆19.222 2.61
AZIP 9.1591 ⋆8.2882 9.51
Fully
ZIC 22.253 ⋆20.128 9.55
ZIP 9.6123 ⋆8.609 10.44
RE 19.814 ⋆18.694 5.65
AZIP 9.4882 ⋆8.866 6.56
Ring
ZIC 22.065 ⋆21.581 2.19
ZIP 9.0289 ⋆8.033 11.03
RE 19.669 ⋆19.398 1.38
AZIP 8.9486 ⋆8.3097 7.14
Star
ZIC 21.851 ⋆21.18 3.07
ZIP 6.9091 ⋆5.5288 19.98
RE 19.355 ⋆19.025 1.70
AZIP 6.5409 ⋆6.2889 3.85
Smallworld
ZIC 22.097 ⋆21.253 3.82
ZIP 9.3979 ⋆8.1008 13.80
RE 19.764 ⋆19.205 2.83
AZIP 9.2239 ⋆8.5609 7.19
Scalefree
ZIC 22.016 ⋆21.078 4.26
ZIP 6.4917 ⋆6.3836 1.67
RE 19.534 ⋆19.057 2.44
AZIP 6.4276 6.5013 -
Different
Chain
ZIC 22.286 ⋆21.598 3.11
ZIP 9.5523 ⋆8.3719 12.00
RE 19.771 ⋆19.226 3.44
AZIP 8.957 ⋆8.4065 6.99
Fully
ZIC 22.431 ⋆19.975 11.13
ZIP 9.6549 ⋆8.8781 3.41
RE 20.008 ⋆18.533 7.13
AZIP 9.3574 ⋆9.1359 6.78
Ring
ZIC 22.316 ⋆21.588 3.24
ZIP 9.0275 ⋆8.2025 8.45
RE 19.785 ⋆19.166 3.54
AZIP 9.0298 ⋆8.1588 11.34
Star
ZIC 21.911 ⋆19.982 8.43
ZIP 6.7515 ⋆5.5258 21.59
RE 19.378 ⋆18.648 3.55
AZIP 6.6885 ⋆6.1303 14.71
Smallworld
ZIC 22.381 ⋆21.09 6.30
ZIP 9.2985 ⋆8.3023 11.48
RE 19.938 ⋆19.043 4.60
AZIP 9.1474 ⋆8.4867 9.13
Scalefree
ZIC 22.107 ⋆20.502 7.20
ZIP 6.6376 ⋆6.0743 12.27
RE 19.613 ⋆18.831 4.14
AZIP 6.4978 ⭐6.4845 -
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only the pair-wise test, ∆ is the difference between the two values being compared, a positive ∆%
value indicates the global α of the transfer learning strategy is lower.
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Table 5.17: Last-10-day Global coefficient of convergence comparison in CH markets
between ǫ-greedy strategy and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 8.969 ⋆8.6292 3.79
ZIP 9.4849 ⋆9.0318 4.78
RE 9.0277 ⋆8.5612 5.17
AZIP 9.9366 ⋆9.0167 9.26
Fully
ZIC 8.7327 ⋆8.0398 7.93
ZIP 9.2142 ⋆8.7005 5.58
RE 8.6295 ⋆7.9885 7.43
AZIP 9.1639 9.0814 -
Ring
ZIC 8.7595 ⋆8.412 3.97
ZIP 9.3489 ⋆8.6701 7.26
RE 8.5959 ⋆8.1698 4.96
AZIP 9.0668 8.9476 -
Star
ZIC 7.7491 ⋆7.1393 7.87
ZIP 5.3901 ⋆4.5116 16.30
RE 7.4072 ⋆6.7384 9.03
AZIP 5.1844 ⋆4.704 9.27
Smallworld
ZIC 8.7965 ⋆8.3316 5.29
ZIP 9.514 ⋆8.4269 11.43
RE 8.6137 ⋆8.0851 6.14
AZIP 9.2497 ⋆8.9843 2.87
Scalefree
ZIC 7.8317 ⋆7.1525 8.67
ZIP 6.42 ⋆5.8282 9.22
RE 7.7881 ⋆6.9024 11.37
AZIP 6.0588 6.1295 -
Different
Chain
ZIC 9.1622 ⋆8.7832 5.74
ZIP 9.4818 ⋆8.8804 3.90
RE 8.8601 ⋆8.3221 4.35
AZIP 9.772 ⋆9.1366 7.40
Fully
ZIC 8.3976 ⋆7.5256 13.29
ZIP 9.3014 ⋆8.5843 6.06
RE 8.2663 ⋆7.3571 10.90
AZIP 9.3435 ⭐9.0729 1.93
Ring
ZIC 8.9339 ⋆8.432 6.00
ZIP 9.3107 ⋆8.7429 6.81
RE 8.6541 ⋆8.1566 6.57
AZIP 9.2996 ⭐9.0123 -
Star
ZIC 7.7679 ⋆7.2449 9.37
ZIP 5.475 ⋆4.4769 19.70
RE 7.6228 ⋆6.8729 6.40
AZIP 5.2313 ⋆4.4016 22.18
Smallworld
ZIC 8.6583 ⋆7.8883 11.79
ZIP 9.3675 ⋆8.5416 7.75
RE 8.3674 ⋆7.7139 7.08
AZIP 9.3146 ⋆8.9277 4.21
Scalefree
ZIC 7.8231 ⋆7.0375 10.65
ZIP 6.3672 ⋆5.8376 5.22
RE 7.575 ⋆6.7757 12.65
AZIP 6.2057 ⭐6.0355 -
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only the pair-wise test, ∆ is the difference between the two values being compared, a positive ∆%
value indicates the global α of the transfer learning strategy is lower.
Chapter 5. Using Transfer Learning in Market Selection Strategies 182
M11 and M16 charge 10% profit fees, M2, M7, M12 and M17 charge 15% profit fees, M3, M8, M13
and M18 charge 20% profit fees and M4, M9 M14 and M19 charge 25% profit fees). Figures [5.19a
- 5.22e] show the supply and demand curve of each individual market (market M0 - M19) on day 1.
The global equilibrium price is 149.5, which is the solid line in the middle around 150 in each plot.
As we can see in day 1, almost half the equilibrium prices of individual markets (e.g., markets M2,
M4, M6 and M9, etc.) are somewhat off the global equilibrium price. If we look at the last day
(day 800) supply and demand curve shown in Figures [5.23a - 5.26e], we can see that markets M0,
M1, M5, M7, M10, M11 and M15 contain almost all of the intra-marginal traders. And for these
markets, with the exception of market M1 have equilibrium prices that are very close to the global
equilibrium price. It’s worth noting that, in the plots above, traders use the zi-c trading strategy,
so the market selection strategy plays the major role in distributing traders.
Similar to what I did in Chapter 4, I now compare the last-10-day average distribution efficiency
(de) (mentioned in Section 4.5.3) between transfer learning market selection strategies and the non
transfer learning strategies. Some of the results of comparing the distribution efficiencies are shown
in Table 5.18 and Table 5.19. I also did the Mann-Whitney U test between two populations of
distribution efficiencies for each comparison. And I performed the Holm-Bonferroni procedure to
handle the family-wise error rates. If one distribution efficiency is significantly better than the
other one at the 95% level for both the pair-wise test and the family-wise test, then this number
will be in bold and has a ⋆ before it, if one distribution effieiciency is significantly better than the
other one at the 95% level only for the pair-wise test, then this number will have a ⭐ before it.
Table 5.18 gives the last-10-day average distribution efficiency results for the comparison between
the sf-eg strategy and the ǫ-greedy strategy. The results show that the distribution efficiency
of the sf-eg strategy is significantly higher than that of the ǫ-greedy strategy. Although the
∆% values are only around 1% - 2%, if we look at the actual distribution efficiency of the sf-eg
strategy, almost all the distribution efficiencies are very close to or above 98%. Especially for
hub-like network markets, some of the distribution efficiencies are over 99%. Table 5.19 gives the
last-10-day average distribution efficiency results for the comparison between the sf-sm strategy
and the softmax strategy. Similar to the result of sf-eg vs ǫ-greedy (Table 5.18), the transfer
learning market selection strategy sf-sm outperforms the original softmax strategy by around 1%
- 5%, and some of the network markets with zip or azip traders, can even achieve a distribution
efficiency of over 99%.
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From the results above, we can conclude that using transfer learning as part of a trader’s market
selection strategy can help improve the trader distribution over network markets.
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Figure 5.19: Supply-demand curve of M0 - M4 in day 1. scale-free network market with different
profit fee charging individual markets. All traders use sf-eg market selection strategy and zi-c
trading strategy.











































































Figure 5.20: Supply-demand curve of M5 - M9 in day 1. scale-free network market with different
profit fee charging individual markets. All traders use sf-eg market selection strategy and zi-c
trading strategy.











































































Figure 5.21: Supply-demand curve of M10 - M14 in day 1. scale-free network market with
different profit fee charging individual markets. All traders use sf-eg market selection strategy
and zi-c trading strategy.











































































Figure 5.22: Supply-demand curve of M15 - M19 in day 1. scale-free network market with
different profit fee charging individual markets. All traders use sf-eg market selection strategy
and zi-c trading strategy.
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Figure 5.23: Supply-demand curve of M0 - M4 in day 800. scale-free network market with
different profit fee charging individual markets. All traders use sf-eg market selection strategy
and zi-c trading strategy.











































































Figure 5.24: Supply-demand curve of M5 - M9 in day 800. scale-free network market with
different profit fee charging individual markets. All traders use sf-eg market selection strategy
and zi-c trading strategy.











































































Figure 5.25: Supply-demand curve of M10 - M14 in day 800. scale-free network market with
different profit fee charging individual markets. All traders use sf-eg market selection strategy
and zi-c trading strategy.











































































Figure 5.26: Supply-demand curve of M15 - M19 in day 800. scale-free network market with
different profit fee charging individual markets. All traders use sf-eg market selection strategy
and zi-c trading strategy.
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5.4.1.4 Speed of learning
Finally, I would like to find out whether we can use transfer learning on the market selection
strategy to help improve the learning speed. To do this, I will use the same method as I did in
Chapter 4 (Section 4.5.4) to calculate the day when the market has converged.
Table 5.20 shows the results comparing the speed of learning between the ǫ-greedy strategy and
the sf-eg strategy. For each comparison, the one with earlier day of convergence, indicating the
strategy that converges faster, are in bold. From the results, it’s hard to tell if the sf-eg strategy
gives quicker speed of convergence — the ǫ-greedy strategy converges faster than the sf-eg strategy
in 16 out of 48 cases, while the sf-eg strategy gives quicker convergence than the ǫ-greedy strategy
in 19 out of 48 cases. Other comparison results like the results between the ǫ-greedy strategy and
the mhsf-eg strategy are similar. Which means the transfer learning strategies that I used doesn’t
really help improve the speed of learning.
5.4.2 Experiment Set II - Local information transfer VS Global information
transfer
In this set of experiments, I would like to find out whether we can optimize the network market’s
performance simply using local information (Question Q5.4). As I mentioned above, the sf-eg
and the sf-sm strategies are the two strategies that only use local information, while the mhsf-
eg and the mhsf-sm strategies are the strategies that use global information. So, in this set of
experiments, I will compare the network market performance between the sf-eg and the mhsf-eg
strategies and between the sf-sm and the mhsf-sm strategies. Also, since we already know that
our transfer learning market selection strategies don’t really help improve the speed that traders
learn (Section 5.4.1.4), and because we suspect that using local information will be less effective
than using global information, in this set of comparison, I will only compare the following three
aspects,
• Market allocative efficiency
• Coefficient of convergence
• Trader distribution
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Table 5.18: Last-10-day trader distribution comparison between ǫ-greedy strategy
and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 0.96816 ⋆0.97902 1.12
ZIP 0.97711 ⋆0.98616 0.93
RE 0.97044 ⋆0.98239 1.23
AZIP 0.97916 ⋆0.98417 0.51
Fully
ZIC 0.96623 ⋆0.98042 1.47
ZIP 0.97283 ⋆0.98332 1.08
RE 0.9685 ⋆0.98062 1.25
AZIP 0.97487 ⋆0.98344 0.88
Ring
ZIC 0.97094 ⋆0.98158 1.10
ZIP 0.98023 ⋆0.98629 0.62
RE 0.97231 ⋆0.98168 0.96
AZIP 0.97982 ⋆0.98638 0.67
Star
ZIC 0.98303 ⋆0.98893 0.60
ZIP 0.97701 ⋆0.99162 1.50
RE 0.98347 ⋆0.98808 0.47
AZIP 0.98069 ⋆0.99162 1.11
Smallworld
ZIC 0.96875 ⋆0.9834 1.51
ZIP 0.97683 ⋆0.98567 0.90
RE 0.96844 ⋆0.98211 1.41
AZIP 0.97689 ⋆0.98455 0.78
Scalefree
ZIC 0.97624 ⋆0.98602 1.00
ZIP 0.97525 ⋆0.99156 1.67
RE 0.97945 ⋆0.98502 0.57
AZIP 0.9756 ⋆0.99157 1.64
Different
Chain
ZIC 0.96745 ⋆0.97954 1.25
ZIP 0.98025 ⋆0.98524 0.51
RE 0.96583 ⋆0.98284 1.76
AZIP 0.98028 ⋆0.98487 0.47
Fully
ZIC 0.96268 ⋆0.98337 2.15
ZIP 0.97618 ⋆0.98386 0.79
RE 0.96927 ⋆0.98392 1.51
AZIP 0.97415 ⋆0.98319 0.93
Ring
ZIC 0.96499 ⋆0.98156 1.72
ZIP 0.9814 ⋆0.98598 0.47
RE 0.97052 ⋆0.98562 1.56
AZIP 0.97944 ⋆0.98449 0.52
Star
ZIC 0.98129 ⋆0.98835 0.72
ZIP 0.97745 ⋆0.99257 1.55
RE 0.98262 ⋆0.99017 0.77
AZIP 0.97709 ⋆0.99149 1.47
Smallworld
ZIC 0.96191 ⋆0.98446 2.34
ZIP 0.97685 ⋆0.98505 0.84
RE 0.96485 ⋆0.98369 1.95
AZIP 0.97845 ⋆0.98479 0.65
Scalefree
ZIC 0.97575 ⋆0.98812 1.27
ZIP 0.97759 ⋆0.99163 1.44
RE 0.97416 ⋆0.9864 1.26
AZIP 0.97437 ⋆0.9918 1.79
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95%
level for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is
significantly higher at the 95% level for only the pair-wise test, ∆ is the difference between the two values
being compared, a positive ∆% value indicates the distribution efficiency of the transfer learning strategy is
higher.
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Table 5.19: Last-10-day trader distribution comparison between softmax strategy
and SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 0.91905 ⋆0.96332 4.82
ZIP 0.96015 ⋆0.98933 3.04
RE 0.92842 ⋆0.96385 3.82
AZIP 0.96759 ⋆0.99197 2.52
Fully
ZIC 0.94533 ⋆0.9748 3.12
ZIP 0.97702 ⋆0.98897 1.22
RE 0.94706 ⋆0.97849 3.32
AZIP 0.97836 ⋆0.98838 1.02
Ring
ZIC 0.92466 ⋆0.96549 4.42
ZIP 0.96327 ⋆0.99175 2.96
RE 0.92106 ⋆0.96882 5.19
AZIP 0.96733 ⋆0.99131 2.48
Star
ZIC 0.92262 ⋆0.96294 4.37
ZIP 0.96237 ⋆0.99246 3.13
RE 0.92938 ⋆0.96707 4.06
AZIP 0.96455 ⋆0.99265 2.91
Smallworld
ZIC 0.92828 ⋆0.96845 4.33
ZIP 0.97329 ⋆0.99221 1.94
RE 0.93335 ⋆0.96937 3.86
AZIP 0.971 ⋆0.99306 2.27
Scalefree
ZIC 0.9237 ⋆0.96791 4.79
ZIP 0.96922 ⋆0.99241 2.39
RE 0.92639 ⋆0.96959 4.66
AZIP 0.9678 ⋆0.99278 2.58
Different
Chain
ZIC 0.91233 ⋆0.96332 5.59
ZIP 0.96446 ⋆0.98933 2.58
RE 0.91891 ⋆0.96385 4.89
AZIP 0.96814 ⋆0.99197 2.46
Fully
ZIC 0.9461 ⋆0.9748 3.03
ZIP 0.97995 ⋆0.98897 0.92
RE 0.95517 ⋆0.97849 2.44
AZIP 0.97904 ⋆0.98838 0.95
Ring
ZIC 0.91982 ⋆0.96549 4.97
ZIP 0.96508 ⋆0.99175 2.76
RE 0.92711 ⋆0.96882 4.50
AZIP 0.96513 ⋆0.99131 2.71
Star
ZIC 0.92232 ⋆0.96294 4.40
ZIP 0.96645 ⋆0.99246 2.69
RE 0.92097 ⋆0.96707 5.01
AZIP 0.96249 ⋆0.99265 3.13
Smallworld
ZIC 0.92791 ⋆0.96845 4.37
ZIP 0.97104 ⋆0.99221 2.18
RE 0.92912 ⋆0.96937 4.33
AZIP 0.96962 ⋆0.99306 2.42
Scalefree
ZIC 0.92593 ⋆0.96791 4.53
ZIP 0.96531 ⋆0.99241 2.81
RE 0.9272 ⋆0.96959 4.57
AZIP 0.96602 ⋆0.99278 2.77
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95%
level for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is
significantly higher at the 95% level for only the pair-wise test, ∆ is the difference between the two values
being compared, a positive ∆% value indicates the distribution efficiency of the transfer learning strategy is
higher.
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Table 5.20: Speed of learning comparison between ǫ-greedy strategy and
SF-EG































































On a given row, numbers in bold indicate where convergence is faster.
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Table 5.21: Speed of learning comparison between ǫ-greedy strategy and
MHSF-EG































































On a given row, numbers in bold indicate where convergence is faster.
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Again, for readability, I am not going to include all the results here. Instead I include some results
here and the rest of results can be found in Appendices [B - E]. We will look at the market allocation
efficiency comparison results first.
5.4.2.1 Allocative efficiency
The aim of these experiments is to find out whether transfer learning market selection strategies
that use only local information (sf-eg and sf-sm) can provide comparable global market efficiency
to those transfer learning market selection strategies that use global information (mhsf-eg and
mhsf-sm).
Figures [5.27a - 5.29d] plot the 10-day average global efficiency for the mhsf-eg strategy and the
sf-eg strategy, and Figures [5.30a - 5.32d] plot the 10-day average global efficiency for the mhsf-sm
strategy and the sf-sm strategy. In most plots, it is not possible to see much difference between
transfer learning strategies using global information (mhsf-eg and mhsf-sm) and transfer learning
strategies using only local information (sf-eg and sf-sm). In some cases (e.g. traders with the
azip trading strategy or the zip trading strategy in small-world network markets), network markets
with the sf-eg traders can even have higher global efficiency than those of network markets with
the mhsf-eg traders.
In order to look more deeply into this, I compared the overall average global efficiency and the last-
10-day average global efficiency of sf-eg and mhsf-eg and of sf-sm and mhsf-sm. The results of
comparing the overall average global efficiency of the sf-sm strategy and the mhsf-sm strategy are
shown in Table 5.22. From these results, we can see that the global efficiency differences between
the sf-sm strategy and the mhsf-sm are very small, in most cases, the differences are within 1%
(only 2 exceptions). And in some cases, the sf-sm market selection strategy can even give us
slightly higher overall global efficiency than the mhsf-sm strategy does. The last-10-day average
global efficiency comparison between the sf-sm strategy and the mhsf-sm strategy is shown in
Table 5.23. Similar to the overall global efficiency comparison, the differences between sf-sm and
mhsf-sm are within 1% in most cases (only 2 exceptions). Therefore, we can conclude that, it is
possible for transfer learning market selection strategies to use only local information to provide
global allocative efficiency that is comparable to the global efficiency provided by the transfer
learning market selection strategies that use global information. Since we know from Section 5.4.1.1
that transfer learning using global information can improve global efficiency compare to other not
Chapter 5. Using Transfer Learning in Market Selection Strategies 192
using transfer learning, we can conclude that just using local information in transfer learning is an
improvement on not using transfer learning.
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Figure 5.27: mhsf-eg VS sf-eg in chain networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees but
different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates SF-EG,
while solid line indicates mhsf-eg.




































Figure 5.28: mhsf-eg VS sf-eg in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates
SF-EG, while solid line indicates mhsf-eg.




































Figure 5.29: mhsf-eg VS sf-eg in scale-free networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees but
different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates SF-EG,
while solid line indicates mhsf-eg.
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Figure 5.30: mhsf-sm VS sf-sm in chain networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees but
different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates SF-SM,
while solid line indicates mhsf-sm.




































Figure 5.31: mhsf-sm VS sf-sm in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates
SF-SM, while solid line indicates mhsf-sm.




































Figure 5.32: mhsf-sm VS sf-sm in scale-free networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees but
different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates SF-SM,
while solid line indicates mhsf-sm.
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5.4.2.2 Coefficient of convergence
I also would like to find out how close the network market transactions are to the global equilibrium
when traders use a local information transfer learning market selection strategies as opposed to
global information transfer learning market selection strategies. To investiagte this, I carried out
similar investigation to that in Section 5.4.1.2 to compare the global coefficient of convergence
(global α) values of these two sets of transfer learning strategies.
The 10-day average global coefficients of convergence of the sf-eg strategy and the mhsf-eg
strategy are plotted in Figures [5.33a - 5.35d], and the global coefficients of convergence of the
sf-sm strategy and the mhsf-sm strategy are plotted in Figures [5.36a - 5.38d]. Once again, from
the plots, we can’t see much difference between these two sets of transfer learning strategies. In
order to do the further analysis, I compared the overall and the last-10-day global α values of the
sf-eg/ sf-sm strategies and the mhsf-eg/ mhsf-sm strategies. The results for the sf-sm strategy
and the mhsf-sm strategy are shown in Table 5.25. From the results, we can see that, for the chain
network markets and the ring network market, the mhsf-sm strategy (global information) can still
have much lower global α values, especially with zip or azip traders, the differences are around
10%. However, for other network markets like the small-world market and the scale-free market,
when markets are equipped with zip or azip traders, the sf-sm strategy (local information) can
not only match the global information approach, but can even provide lower global α values than
the mhsf-sm strategy does. I think the reason behind this is due to the average distance between





n ∗ (n − 1) (5.2)
where shortestPathij is the shortest path between market i and market j, n is the number of
markets in a network markets.
The average distance of each network market that I used in this experiment is given in Table 5.24.
Each average distance value is calculated based on a 20-market network for each network topology
that I used in this experiment. Also in my experiments, for each kind of network, I used the same
topology for all the experiments. E.g., for all experiments involving the scalefree network, the same
scalefree network (a 20-market scalefree network with the same connections) was used. Therefore,
the average distance values are the same for each network topology. As we can see, for network
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Table 5.22: Global efficiency comparison between SF-SM and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 89.721 ⋆90.601 -0.97
ZIP ⭐90.542 90.473 0.08
RE 91.49 ⋆92.098 -0.66
AZIP 90.834 90.854 -
Fully
ZIC 91.131 ⋆91.172 -0.04
ZIP ⋆89.778 89.626 0.17
RE ⋆92.729 92.652 0.08
AZIP 90.087 90.079 0.01
Ring
ZIC 89.982 ⋆90.659 -0.75
ZIP ⋆90.712 90.476 0.26
RE 91.729 ⋆92.177 -0.49
AZIP 90.878 90.874 -
Star
ZIC 89.762 ⋆90.962 -1.32
ZIP ⋆91.044 90.493 0.61
RE 91.608 ⋆92.381 -0.84
AZIP ⋆91.114 90.845 0.30
Smallworld
ZIC 90.444 ⋆91.102 -0.72
ZIP ⋆90.727 90.189 0.60
RE 92.156 ⋆92.437 -0.30
AZIP ⋆91.052 90.746 0.34
Scalefree
ZIC 90.249 ⋆90.85 -0.66
ZIP ⋆90.857 90.276 0.64
RE 91.861 ⋆92.3 -0.48
AZIP ⋆91.059 90.799 0.29
Different
Chain
ZIC 89.721 ⋆90.126 -0.45
ZIP 90.542 90.551 -
RE 91.49 ⋆92.363 -0.95
AZIP 90.834 ⋆90.915 -0.09
Fully
ZIC 91.131 ⭐91.156 -0.03
ZIP ⋆89.778 89.637 0.16
RE 92.729 ⋆92.839 -0.12
AZIP 90.087 90.092 -
Ring
ZIC 89.982 ⋆90.685 -0.78
ZIP ⭐90.712 90.627 0.09
RE 91.729 ⋆92.417 -0.74
AZIP 90.878 90.848 -
Star
ZIC 89.762 ⋆90.794 -1.14
ZIP ⋆91.044 90.459 0.65
RE 91.608 ⋆92.445 -0.91
AZIP ⋆91.114 90.883 0.25
Smallworld
ZIC 90.444 ⋆90.997 -0.61
ZIP ⋆90.727 90.328 0.44
RE 92.156 ⋆92.605 -0.48
AZIP ⋆91.052 90.652 0.44
Scalefree
ZIC 90.249 ⋆90.904 -0.72
ZIP ⋆90.857 90.307 0.61
RE 91.861 ⋆92.614 -0.81
AZIP ⋆91.059 90.772 0.32
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only the pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table 5.23: Last-10-day global efficiency comparison between SF-SM and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 89.987 ⋆90.776 -0.87
ZIP 90.868 90.723 0.16
RE 91.771 ⋆92.317 -0.59
AZIP 91.092 91.035 -
Fully
ZIC 91.196 ⋆91.372 -0.19
ZIP 89.047 88.96 -
RE 92.87 92.848 -
AZIP 89.288 89.301 -
Ring
ZIC 90.238 ⋆90.76 -0.58
ZIP ⭐90.93 90.304 0.69
RE 92.055 ⋆92.445 -0.42
AZIP 91.159 91.074 -
Star
ZIC 90.371 ⋆91.065 -0.76
ZIP ⋆91.099 90.514 0.65
RE 92.159 ⋆92.593 -0.47
AZIP ⋆91.519 90.964 0.61
Smallworld
ZIC 90.615 ⋆91.222 -0.67
ZIP 90.546 90.23 -
RE 92.396 ⋆92.699 -0.33
AZIP 91.199 90.874 0.36
Scalefree
ZIC 90.482 ⋆91.02 -0.59
ZIP ⋆90.805 90.013 0.88
RE 92.266 ⋆92.649 -0.41
AZIP ⭐91.275 90.715 0.62
Different
Chain
ZIC 89.987 ⋆90.296 -0.34
ZIP 90.868 90.511 -
RE 91.771 ⋆92.527 -0.82
AZIP 91.092 91.059 -
Fully
ZIC 91.196 91.225 -
ZIP 89.047 88.898 -
RE 92.87 92.882 -
AZIP 89.288 ⭐89.753 -0.52
Ring
ZIC 90.238 ⋆90.906 -0.73
ZIP 90.93 90.645 -
RE 92.055 ⋆92.679 -0.67
AZIP 91.159 91.382 -
Star
ZIC 90.371 ⋆90.983 -0.67
ZIP ⋆91.099 90.078 1.13
RE 92.159 ⋆92.758 -0.65
AZIP ⭐91.519 91.034 0.53
Smallworld
ZIC 90.615 ⋆91.079 -0.51
ZIP ⭐90.546 90.104 0.49
RE 92.396 ⋆92.799 -0.43
AZIP ⋆91.199 90.314 0.98
Scalefree
ZIC 90.482 ⋆91.054 -0.63
ZIP ⋆90.805 89.99 0.91
RE 92.266 ⋆92.831 -0.61
AZIP ⭐91.275 90.674 0.66
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only the pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table 5.24: Average distances of 20-market network topology used in the experiments
Network topology Average distance
Chain network 7





markets like the chain network and the ring network, the average distance between two markets
are much longer than those of the small-world network market and the scale-free network market.
So the market selection strategies using global information can provide a greater advantage in
distributing the traders, which in turn helps to lower the overall global α values more effectively.
In contrast, in the small-world network market and the scale-free network market, the average
distances between two markets are relatively short. Therefore, it won’t take too long for the sf-eg
and the sf-sm traders to explore the whole market. On the other hand, the mhsf-eg and the
mhsf-sm strategy tend to have more frequent trader movement, which in some cases may hurt the
network market convergence, and lead to higher global α values. When we look at the last-10-day
average global coefficient of convergence for the sf-sm strategy and the mhsf-sm strategy (Table
5.26), I noticed that the differences between the last-10-day global α values of sf-sm and mhsf-sm
in the chain network market and the ring network market are much smaller than the difference
between the values of overall average global αs. Which means that, if we give the sf-sm strategy
enough time, it may eventually catch up and provide global α values that are comparable to those
given by the mhsf-sm strategy.
The results above suggest that, although for some network markets like the chain network market
and the ring network market, transfer learning market selection strategies that use global infor-
mation may have an advantage in term of providing lower global coefficients of convergence than
transfer learning strategies that use local information, if we give the local information transfer
learning strategies enough time, it is still possible for these strategies to generate global α values
that are comparable to those values given by global information transfer learning market selection
strategies.
So the advantage that global information conveys is that a specific global coefficient of convergence
can be achieved quicker than if only local information is used.
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Figure 5.33: mhsf-eg VS sf-eg in chain networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates mhsf-eg.




































Figure 5.34: mhsf-eg VS sf-eg in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates mhsf-eg.




































Figure 5.35: mhsf-eg VS sf-eg in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates mhsf-eg.
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Figure 5.36: mhsf-sm VS sf-sm in chain networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates mhsf-sm.




































Figure 5.37: mhsf-sm VS sf-sm in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates mhsf-sm.




































Figure 5.38: mhsf-sm VS sf-sm in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates mhsf-sm.
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5.4.2.3 Trader distribution
In the next set of experiments, the aim is to compare the trader distributions over the whole
network market that are obtained when using transfer learning market selection strategies that
use local information and transfer learning market selection strategies that use global information.
To do this, I compared the distribution efficiency (de) between these two sets of transfer learning
strategies.
The results for comparing the overall average distribution efficiency of the sf-sm strategy and
the mhsf-sm strategy are shown in Table 5.27. In order to be able to tell when one distribution
efficiency is significantly better than the other, I carried out the Mann-Whitney U test between two
populations of values for each comparison. If one distribution efficiency value is significantly better
than the other one at the 95% level, then this number will be in bold. If there is no significant
difference between two values, I set the ∆% value to “-”. The results show that, except for the
chain network market and the ring network market, in most cases there is no significant difference
between the distribution efficiency of the sf-sm network market and the distribution efficiency of
the mhsf-sm network market. In other words, for all but the chain and the ring markets, transfer
learning using local information is as good as transfer learning using global information. Again, I
believe that the situation with the chain and ring markets is because for the chain network market
and the ring network market, the average distance between two individual markets are relatively
long, which gives more advantage to those market selection strategies that use global information.
However, if we look at the last-10-day average distribution efficiency comparison results shown in
Table 5.28, we can see that, the difference in distribution efficiency between the sf-sm and the
mhsf-sm in the chain network market and the ring network market are getting smaller over time.
This suggests that, given enough time, the sf-sm strategy can generate a distribution efficiency
that is comparable to that generated by the mhsf-sm strategy.
The results above show that, for network markets that have relatively short average distances
between two individual markets, there is no significant difference in trader distribution between
transfer learning market selection strategies using local information and those using global infor-
mation; For network markets that have relatively long average distance between two individual
markets, although transfer learning market selection strategies that use global information may
provide slightly better distribution results, if we give those strategies that use local information
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Table 5.25: Global coefficient of convergence comparison between SF-SM and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 22.53 ⋆21.959 -2.60
ZIP 7.7278 ⋆7.0299 -9.93
RE 20.002 ⋆19.545 -2.34
AZIP 7.3904 ⋆6.7279 -9.85
Fully
ZIC ⋆21.729 21.772 0.20
ZIP ⋆7.0909 7.222 1.82
RE ⋆19.308 19.366 0.30
AZIP 7.2468 ⋆7.1385 -1.52
Ring
ZIC 22.466 ⋆21.928 -2.45
ZIP 7.053 ⋆6.8631 -2.77
RE 19.894 ⋆19.516 -1.94
AZIP 7.2119 ⋆6.7085 -7.50
Star
ZIC 22.246 ⋆21.555 -3.21
ZIP ⋆6.7548 7.163 5.70
RE 19.742 ⋆19.286 -2.36
AZIP ⋆6.9436 7.0348 1.30
Smallworld
ZIC 22.151 ⋆21.739 -1.90
ZIP ⋆6.5421 7.0801 7.60
RE 19.692 ⋆19.397 -1.52
AZIP ⋆6.4034 6.7701 5.42
Scalefree
ZIC 22.224 ⋆21.68 -2.51
ZIP ⋆6.63 7.1286 6.99
RE 19.644 ⋆19.333 -1.61
AZIP ⋆6.5135 6.8992 5.59
Different
Chain
ZIC 22.53 ⋆22.103 -1.93
ZIP 7.7278 ⋆6.9193 -11.68
RE 20.002 ⋆19.378 -3.22
AZIP 7.3904 ⋆6.8227 -8.32
Fully
ZIC ⋆21.729 21.751 0.10
ZIP ⋆7.0909 7.2111 1.67
RE 19.308 ⋆19.173 -0.70
AZIP 7.2468 ⋆7.1803 -0.93
Ring
ZIC 22.466 ⋆21.944 -2.38
ZIP 7.053 ⋆6.6721 -5.71
RE 19.894 ⋆19.321 -2.97
AZIP 7.2119 ⋆6.7016 -7.61
Star
ZIC 22.246 ⋆21.565 -3.16
ZIP ⋆6.7548 7.3054 7.54
RE 19.742 ⋆19.078 -3.48
AZIP 6.9436 6.9573 0.20
Smallworld
ZIC 22.151 ⋆21.747 -1.86
ZIP ⋆6.5421 6.976 6.22
RE 19.692 ⋆19.215 -2.48
AZIP ⋆6.4034 6.8337 6.30
Scalefree
ZIC 22.224 ⋆21.683 -2.50
ZIP ⋆6.63 7.172 7.56
RE 19.644 ⋆19.149 -2.58
AZIP ⋆6.5135 7.0136 7.13
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95% level
for only the pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table 5.26: Last-10-day global coefficient of convergence comparison between SF-SM
and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 22.482 ⋆21.906 -2.63
ZIP 6.9765 ⭐6.8012 -2.58
RE 19.995 ⋆19.464 -2.73
AZIP 6.6784 ⭐6.4842 -2.99
Fully
ZIC 21.719 21.72 -
ZIP 7.6435 7.7352 -
RE 19.297 19.313 -
AZIP 7.9425 ⋆7.6068 -4.41
Ring
ZIC 22.394 ⋆21.878 -2.36
ZIP ⋆6.5641 6.86 4.31
RE 19.702 ⋆19.373 -1.70
AZIP 6.5039 6.4725 -
Star
ZIC 22.055 ⋆21.562 -2.29
ZIP ⋆6.4433 7.3328 12.13
RE 19.525 ⋆19.204 -1.67
AZIP 6.2992 ⋆7.027 10.36
Smallworld
ZIC 22.094 ⋆21.768 -1.50
ZIP ⋆6.449 7.2017 10.45
RE 19.632 ⋆19.314 -1.65
AZIP ⋆6.2297 6.8207 8.66
Scalefree
ZIC 22.153 ⋆21.657 -2.29
ZIP ⋆6.6701 7.1124 6.22
RE 19.431 ⋆19.31 -0.63
AZIP ⋆6.3876 6.9812 8.50
Different
Chain
ZIC 22.482 ⋆22.059 -1.92
ZIP 6.9765 ⭐6.8327 -2.10
RE 19.995 ⋆19.317 -3.51
AZIP 6.6784 6.6998 -
Fully
ZIC 21.719 21.724 -
ZIP 7.6435 7.6903 -
RE 19.297 ⋆19.189 -0.56
AZIP 7.9425 ⋆7.6337 -4.05
Ring
ZIC 22.394 ⋆21.856 -2.46
ZIP 6.5641 6.4464 -
RE 19.702 ⋆19.233 -2.44
AZIP 6.5039 ⭐6.341 -2.57
Star
ZIC 22.055 ⋆21.556 -2.31
ZIP ⋆6.4433 7.648 15.75
RE 19.525 ⋆18.999 -2.77
AZIP ⋆6.2992 7.0393 10.51
Smallworld
ZIC 22.094 ⋆21.774 -1.47
ZIP ⋆6.449 7.1029 9.21
RE 19.632 ⋆19.149 -2.52
AZIP ⋆6.2297 6.8576 9.16
Scalefree
ZIC 22.153 ⋆21.68 -2.18
ZIP ⋆6.6701 7.3496 9.25
RE 19.431 ⋆19.058 -1.96
AZIP ⋆6.3876 6.9949 8.68
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only the pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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enough time, they can also provide distribution results that are comparable to those results given
by transfer learning market selection strategies that use global information.
5.5 Conclusion
According to the results of experiment Set 1 (Section 5.4.1) and Set 2 (Section 5.4.2), we are now
able to answer the four questions (Q5.1– Q5.4) that I raised at the beginning of this chapter:
• It is possible to use transfer learning on market selection strategies to optimize the overall net-
work market performance (higher global efficiency, lower α, etc.). (Q5.1) (see the discussion
on pages 165 and 174)
• It is possible to use transfer learning on market selection strategies to optimize the perfor-
mance of the final learning state (higher last-10-day global efficiency, lower last-10-day α).
(Q5.2) (see the discussion on pages 170, 177 and 183)
• The transfer learning market selection strategies that I studied don’t seem to help improve
the learning speed. (Q5.3) (see the discussion on page 186)
• It is possible to use only local information for transfer learning to help improve the overall
network market performance, especially for network markets that have relatively short average
distance between two individual markets. (Q5.4) (see the discussion on pages 192, 198 and
204)
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Table 5.27: Trader distribution comparison between SF-SM and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 0.96045 ⋆0.97108 -1.09
ZIP 0.98551 ⋆0.99033 -0.49
RE 0.96071 ⭐0.96644 -0.59
AZIP 0.98889 ⭐0.99148 -0.26
Fully
ZIC 0.97282 0.97236 -
ZIP 0.98979 0.98905 -
RE 0.97524 0.97425 -
AZIP 0.98891 0.98956 -
Ring
ZIC 0.96276 0.96408 -
ZIP 0.98857 ⭐0.99108 -0.25
RE 0.96573 0.96777 -
AZIP 0.98728 ⭐0.99051 -0.33
Star
ZIC 0.95465 ⋆0.96715 -1.29
ZIP 0.98994 0.99058 -
RE 0.96091 ⭐0.96908 -0.84
AZIP 0.98901 ⭐0.99131 -0.23
Smallworld
ZIC 0.96631 0.96894 -
ZIP 0.9911 0.99133 -
RE 0.96559 0.96958 -
AZIP 0.99187 0.99216 -
Scalefree
ZIC 0.96375 0.96573 -
ZIP 0.99114 0.99074 -
RE 0.96476 0.96784 -
AZIP 0.99052 0.99126 -
Different
Chain
ZIC 0.96045 0.96227 -
ZIP 0.98551 ⋆0.9919 -0.64
RE 0.96071 ⋆0.96847 -0.80
AZIP 0.98889 ⭐0.99075 -0.19
Fully
ZIC 0.97282 0.97276 -
ZIP 0.98979 0.9894 -
RE 0.97524 0.9756 -
AZIP 0.98891 ⭐0.99013 -0.12
Ring
ZIC 0.96276 0.96605 -
ZIP 0.98857 ⋆0.99217 -0.36
RE 0.96573 ⭐0.96995 -0.44
AZIP 0.98728 ⭐0.9909 -0.37
Star
ZIC 0.95465 ⋆0.96552 -1.13
ZIP 0.98994 0.98972 -
RE 0.96091 ⭐0.96907 -0.84
AZIP 0.98901 0.99131 -
Smallworld
ZIC 0.96631 0.97016 -
ZIP 0.9911 0.99095 -
RE 0.96559 ⭐0.97257 -0.72
AZIP 0.99187 0.99182 -
Scalefree
ZIC 0.96375 0.96659 -
ZIP 0.99114 0.99048 -
RE 0.96476 0.96898 -
AZIP 0.99052 0.9904 -
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95%
level for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is
significantly higher at the 95% level for only the pair-wise test, ∆ is the difference between the two values
being compared, a positive ∆% value indicates the distribution efficiency of the transfer learning strategy is
higher.
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Table 5.28: Last-10-day trader distribution comparison between SF-SM strategy and
MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 0.96332 ⋆0.97276 -0.97
ZIP 0.98933 ⋆0.99177 -0.25
RE 0.96385 ⋆0.96895 -0.53
AZIP 0.99197 0.99249 -
Fully
ZIC 0.9748 0.97573 -
ZIP 0.98897 0.98794 -
RE 0.97849 0.97955 -
AZIP 0.98838 0.98954 -
Ring
ZIC 0.96549 0.96566 -
ZIP 0.99175 0.99155 -
RE 0.96882 0.96991 -
AZIP 0.99131 0.99191 -
Star
ZIC 0.96294 ⋆0.968 -0.52
ZIP 0.99246 0.99112 -
RE 0.96707 ⋆0.97169 -0.48
AZIP 0.99265 0.99222 -
Smallworld
ZIC 0.96845 ⋆0.97187 -0.35
ZIP 0.99221 0.99162 -
RE 0.96937 0.97382 -
AZIP 0.99306 0.99239 -
Scalefree
ZIC 0.96791 0.96946 -
ZIP ⋆0.99241 0.99127 0.12
RE 0.96959 0.97289 -
AZIP ⋆0.99278 0.99119 0.16
Different
Chain
ZIC 0.96332 0.96484 -
ZIP 0.98933 ⋆0.99298 -0.37
RE 0.96385 ⋆0.97044 -0.68
AZIP 0.99197 0.99218 -
Fully
ZIC 0.9748 0.9752 -
ZIP 0.98897 0.98824 -
RE 0.97849 0.97861 -
AZIP 0.98838 0.98826 -
Ring
ZIC 0.96549 0.96723 -
ZIP 0.99175 0.99306 -
RE 0.96882 ⋆0.97244 -0.37
AZIP 0.99131 0.99251 -
Star
ZIC 0.96294 ⋆0.96864 -0.59
ZIP ⋆0.99246 0.9904 0.21
RE 0.96707 ⋆0.97164 -0.47
AZIP ⋆0.99265 0.99091 0.18
Smallworld
ZIC 0.96845 ⋆0.97229 -0.39
ZIP ⋆0.99221 0.9907 0.15
RE 0.96937 ⋆0.97557 -0.64
AZIP 0.99306 0.99247 -
Scalefree
ZIC 0.96791 0.96952 -
ZIP ⋆0.99241 0.99082 0.16
RE 0.96959 0.97218 -
AZIP ⋆0.99278 0.99132 0.15
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is significantly
higher at the 95% level for only the pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
Chapter 6
Conclusion and Future Work
6.1 Conclusion
In this dissertation, I studied the use of automated traders in multiple connected “network markets”
and how it is possible to optimize performance of these markets by varying the things that one
might control in a network market. As mentioned in Chapter 3, Information like transaction prices,
transaction volumes and number of traders in each market are also very useful when a trader is
making the market selection decisions. A “network market” can control what kind of information
can be shared with traders in other markets, also can control which markets to shared these
information to. Results from Chapter 4 and Chapter 5 show that even when transaction prices
and transaction volumes are only shared among directly connected markets, it can help to improve
the overall “network market” performance. I also studied the use of computational techniques, in
particular the transfer learning, in the design of network markets. I focused on finding out whether
it is possible to apply transfer learning to machine learning techniques like simple reinforcement
learning to help optimize a distributed system (a network market) using only local information.
In my work, I considered six different network topologies, the chain network, the fully-connected
network, the ring network, the star network, the small-world network and the scale-free network.
I discussed the use of transfer learning in both traders’ trading strategies and market selection
strategies. In Chapter 4, I discussed using transfer learning in a trader’s trading strategy to help
optimize the performance of a network market. I raised four questions Q4.1- Q4.4. And based on
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the original zip strategy, I introduced three new trading strategies, the rl-zip, the azip and the
ozip strategies. The results gave positive answers for all four questions. They showed that it is
possible to use transfer learning to optimize the overall network market performance (higher global
efficiency, lower α, etc.) (Q4.1), and to use transfer learning in trading strategies to optimize the
performance of the final learning state of a network market (higher last-10-day global efficiency,
lower last-10-day α) (Q4.2). I also showed that transfer learning can be used to help improve
the learning speed (Q4.3). Besides these, the results showed that it is possible to use only local
information for transfer learning to help improve the overall network market performance (Q4.4).
In Chapter 5, I discussed using transfer learning in a trader’s market selection strategy to help
optimize the performance of a network market. I brought up four questions Q5.1- Q5.4. And
I introduced two new transfer learning market selection strategies, the sf strategy and the mhsf
strategy. The results gave positive answers for Q5.1, Q5.2 and Q5.4. I showed that transfer
learning can also be used to optimize both the overall network market performance (Q5.1) and the
performance of the final learning state (Q5.2). My results showed that, although using transfer
learning on a trader’s trading strategy doesn’t seem to help improve the trader distribution in
a network market, using transfer learning in a trader’s market selection strategy can be used to
optimize the trader distribution. In some cases, transfer learning market selection strategies can
help improve the distribution efficiency to above 99%. My results also show that it is possible to use
only local information for transfer learning to help improve the overall network market performance,
especially for network markets that have relatively short average distances between two individual
markets (Q5.4).
Therefore, according to the results of Chapter 4 and Chapter 5, it is possible to conclude that
applying transfer learning to reinforcement learning can help optimize a distributed system (a
network market) using only local information.
It worth noting that, in my analysis of results, I didn’t do any analysis of robustness. This could
be assessed by similar kind of “perturbation analysis” (empirical game theory analysis) used in
[Phelps et al., 2010], but given the results in [Phelps et al., 2010] we would expect that different
scenarios may lead to very different results, and that a proper analysis of robustness would require
a whole other thesis-worth of work.
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6.2 Future work
As mentioned above, this work studied the use of automated traders in multiple connected “network
markets”, and the results showed that it’s possible to optimize the performance of a network market
by applying transaction learning to reinforcement learning. There are still many areas that we could
work on in the future.
• Trading strategies — in the ozip strategy, transaction prices are stored for all the markets.
Instead of doing this, we could have another transfer learning trading strategy to store the
transaction information of the markets that are directly connected to the current market.
In my experiment, I tried to apply transfer learning to zip strategy. We could also apply
transfer learning to other machine learning trading strategies like re, and see whether the
same conclusions hold.
• Market selection strategies — my work in this dissertation aimed to find out that whether we
could utilize transfer learning to help optimize a network market using only local information.
The transaction learning market selection strategies that I used simply filter out markets that
may not be profitable to the trader. There is definitely room for improvement. For example,
instead of simply filtering out non-profitable markets, we could also generate a propensity
distribution based on the information transferred, and do the market selection based on
this distribution. In addition, right now our transfer learning market selection strategies,
only make use of transaction prices information. In reality, other market information, like
transaction volume, number of traders in a market for the previous n days, or even how much
profit other traders made in a certain market might also be available. All these kinds of
information maybe helpful when traders are making market selection decisions. For example,
we know that, the transaction volume of a market could be used to help the market selection
strategy determine a market’s liquidity and reliability. The experience from other traders of
a market could be very useful too. So, we could improve our transfer learning strategies to
utilize other market information.
• Network topologies — in our current market model, network structures are fixed over the
whole trading session. However, in a real world, markets can develop their network con-
nections based on their own interest. As mentioned in Section 2.8.4 there are many studies
focused on network formation, e.g. Kranton and Minehart [Kranton and Minehart, 2001],
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and Gaston and desJardins [Gaston and desJardins, 2005]. As mentioned by Kranton and
Minehart [Kranton and Minehart, 2001], agents acting strategically in their own self-interests
can form an efficient network structure, which can maximize overall welfare. Therefore, in
our model, we could also let the individual markets rewire their connections based on their
own interest, then apply transfer learning on the markets’ rewiring strategies and see whether
it can help optimize the network market performance or not.
• Comparing aspects — as I mentioned in Chapter 4, right now in jcat, market efficiency is
calculated at the end of each trading day, not at the end of each round, which makes it hard
to do a jump start comparison. We could modify jcat to support calculating the total profits
generated in the network market at each round, and compare profit values between transfer
learning trading strategies and non transfer learning trading strategies to see whether we can
have a jump start with transfer learning.
• Results analysis — first, as I mentioned above, we could use some kind of “pertubation
analysis” to carry out an analysis of the robustness of the results. Second, for the final
learning state, I only compared the last-10-day results. We could also look at the other
results like last-20-day results and last-50-day results, and see whether the same conclusions
still hold or not. Besides that, we could also consider other network topologies to make our
conslusions more robust. Third, our current performance measurements (market effieiency,
convergence of coefficient, trader distribution and learning speed) mainly focus on the market
side, we could also consider other performance measurements at the level of traders.
• Simulation limitation — as I mentioned in Chapter 3, in our model, all traders are one-
way traders, meaning that no trader can both buy and sell in the same experiment. As
mentioned in [Cai et al., 2014], we could capture two-way traders in our model as pairs of
buyers and sellers. When multiple traders are related this way, their private values should be
somehow correlated if not identical. Therefore, we could consider having buyers and sellers
with correlated private values, and see whether the conclusions still hold.
Appendix A
Results of Chapter 4
Results shown here are related to the results of Sections 4.5 and 4.6.
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(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure A.1: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 5%, 10%, 15%, 20%, 25% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip or ozip).








(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure A.2: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 10%, 20%, 30%, 40%, 40% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip or ozip).








(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure A.3: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 15%, 30%, 45%, 60%, 75% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip or ozip).
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(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure A.4: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 0.5, 1.0, 1.5, 2.0, 2.5 registration fees. In each plot, the dotted line indicates non-transfer
learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip or ozip).








(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure A.5: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 1.0, 2.0, 3.0, 4.0, 5.0 registration fees. In each plot, the dotted line indicates non-transfer
learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip or ozip).








(a) ZIP VS RL-ZIP








(b) AZIP VS RL-ZIP








(c) OZIP VS RL-ZIP
Figure A.6: Transfer learning trading strategy VS non-transfer learning trading strategy. The
x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0 through
M4: 1.0, 3.0, 5.0, 7.0, 9.0 registration fees. In each plot, the dotted line indicates non-transfer
learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip or ozip).
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Table A.1: Market efficiency of zip and rl-zip in CDA
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% ◦93.016 92.286 91.947 92.061 87.341 ⋆91.912 89.359 91.396 92.226 89.874 91.627 90.654
All markets charge 10% ◦92.748 92.321 91.067 91.268 90.411 ⋆91.856 90.742 91.052 90.298 88.475 88.982 90.786
All markets charge 15% 89.855 ◦92.356 89.753 91.305 91.267 ⋆91.784 91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 90.297 ◦92.609 90.786 91.291 91.48 ⋆91.891 89.854 90.987 91.496 88.051 92.213 90.703
10%, 20%, 30%, 40%, 50% ◦93.163 89.859 91.813 89.623 89.199 ⋆91.846 92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% ◦93.016 92.778 89.301 90.867 90.574 ⋆91.874 91.928 91.796 91.828 91.031 86.617 90.738
Registration Fee
All markets chargeg 0.5 91.167 90.159 ◦93.569 93.294 89.413 ⋆91.819 90.428 91.493 89.716 91.036 91.991 90.678
All markets charge 1 ◦93.37 91.117 87.16 92.904 92.448 ⋆91.938 91.097 90.171 88.455 91.764 89.957 90.709
All markets charge 2 91.79 90.75 92.149 ◦92.346 89.587 ⋆91.848 91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 ◦92.375 91.944 90.705 90.336 91.728 ⋆91.94 91.315 90.73 90.001 91.479 89.601 90.749
1, 2, 3, 4, 5 ◦94.173 92.159 92.598 85.66 89.56 ⋆91.828 93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 ◦95.624 93.46 91.131 89.57 83.277 ⋆91.467 94.217 91.717 88.936 89.927 86.967 90.562
Free of Charges All free markets 90.829 90.885 90.952 ◦92.798 89.371 ⋆91.797 90.269 90.359 89.077 91.433 91.375 90.883
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the
95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test.
Numbers in italics and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
Table A.2: Market efficiency of azip and rl-zip in CDA
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 89.84 88.785 91.987 91.373 ◦92.742 ⋆92.007 89.359 91.396 92.226 89.874 91.627 90.654
All markets charge 10% 90.704 91.432 91.124 ◦92.702 90.734 ⋆91.976 90.742 91.052 90.298 88.475 88.982 90.786
All markets charge 15% 91.444 91.238 ◦92.199 89.249 91.715 ⋆91.877 91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 92.904 89.704 89.682 ◦93.041 90.705 ⋆91.93 89.854 90.987 91.496 88.051 92.213 90.703
10%, 20%, 30%, 40%, 50% 92.351 ◦93.846 92.409 88.128 89.302 ⋆91.876 92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% ◦92.799 92.737 89.918 89.676 88.713 ⋆91.898 91.928 91.796 91.828 91.031 86.617 90.738
Registration Fee
All markets chargeg 0.5 90.047 92.151 ◦93.185 91.844 91.93 ⋆91.987 90.428 91.493 89.716 91.036 91.991 90.678
All markets charge 1 91.209 91.591 ◦92.714 91.766 90.116 ⋆91.959 91.097 90.171 88.455 91.764 89.957 90.709
All markets charge 2 91.123 88.297 89.328 ◦92.123 90.833 ⋆92.04 91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 92.107 90.972 ◦92.698 92.426 89.147 ⋆92.007 91.315 90.73 90.001 91.479 89.601 90.749
1, 2, 3, 4, 5 ◦93.056 92.759 92.152 88.534 89.255 ⋆91.866 93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 ◦95.76 93.281 90.28 89.012 83.058 ⋆91.671 94.217 91.717 88.936 89.927 86.967 90.562
Free of Charges All free markets 90.349 ◦92.436 92.905 90.239 91.908 ⋆91.833 90.269 90.359 89.077 91.433 91.375 90.883
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the
95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test.
Numbers in italics and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
Table A.3: Market efficiency of ozip and rl-zip in CDA
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 90.225 90.429 89.948 ◦92.621 92.061 ⋆91.941 89.359 91.396 92.226 89.874 91.627 90.654
All markets charge 10% ◦92.308 92.286 89.389 92.199 90.811 ⋆91.96 90.742 91.052 90.298 88.475 88.982 90.786
All markets charge 15% 91.081 92.889 ◦93.124 89.749 89.617 ⋆91.994 91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 90.978 90.696 91.897 ◦93.315 89.843 ⋆91.995 89.854 90.987 91.496 88.051 92.213 90.703
10%, 20%, 30%, 40%, 50% ◦93.705 91.582 92.658 89.956 89.826 ⋆91.905 92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% ◦92.322 92.127 91.944 90.563 89.023 ⋆92.024 91.928 91.796 91.828 91.031 86.617 90.738
Registration Fee
All markets chargeg 0.5 90.869 91.85 ◦93.358 93.263 88.657 ⋆91.923 90.428 91.493 89.716 91.036 91.991 90.678
All markets charge 1 ◦91.826 90.947 90.979 91.218 91.297 ⋆91.943 91.097 90.171 88.455 91.764 89.957 90.709
All markets charge 2 89.133 91.115 90.571 91.837 ◦93.213 ⋆91.919 91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 ◦94.281 91.729 88.54 92.067 91.906 ⋆92.033 91.315 90.73 90.001 91.479 89.601 90.749
1, 2, 3, 4, 5 ◦95.64 94.084 91.112 88.618 86.069 ⋆91.894 93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 ◦96.125 90.636 90.624 88.059 81.313 ⋆91.565 94.217 91.717 88.936 89.927 86.967 90.562
Free of Charges All free markets 90.824 ◦92.245 89.1 91.652 91.422 ⋆91.879 90.269 90.359 89.077 91.433 91.375 90.883
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the
95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test.
Numbers in italics and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
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Table A.4: Market efficiency of zip and rl-zip in CH
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 95.621 96.161 94.004 94.726 96.39 95.451 ◦97.521 96.717 95.113 97.126 96.829 ⋆95.565
All markets charge 10% 97.35 96.486 95.916 95.629 95.777 95.374 96.908 95.801 ◦97.583 97.209 96.771 ⋆95.625
All markets charge 15% 96.315 96.85 ◦97.826 97.638 97.71 95.609 97.466 97.613 97.471 97.436 96.181 ⋆95.786
5%, 10%, 15%, 20%, 25% 98.391 98.838 96.375 94.733 90.764 ⋆95.463 ◦99.146 98.292 97.501 92.648 91.108 95.348
10%, 20%, 30%, 40%, 50% 99.235 98.813 96.77 90.506 80.916 95.097 ◦99.374 98.725 97.808 90.602 84.428 ⋆95.231
15%, 30%, 45%, 60%, 75% ◦99.466 99.007 95.279 85.449 78.387 94.791 99.069 99.071 95.133 88.815 77.334 94.823
Registration Fee
All markets chargeg 0.5 94.359 93.262 ◦98.101 95.552 96.81 95.447 96.316 95.589 97.758 95.706 96.394 ⋆95.582
All markets charge 1 95.987 96.414 95.92 96.34 94.972 95.477 94.456 ◦97.512 95.756 93.962 95.932 95.48
All markets charge 2 94.596 94.502 96.018 94.253 95.761 95.267 93.498 ◦97 95.806 96.109 95.925 ⋆95.441
0.5, 1, 1.5, 2.0, 2.5 ◦96.737 95.544 96.046 94.584 94.336 95.196 95.959 95.18 95.73 96.006 94.745 ⋆95.298
1, 2, 3, 4, 5 97.69 95.657 95.479 94.495 91.521 95.073 ◦99.201 97.514 96.008 92.829 92.741 ⋆95.231
1, 3, 5, 7, 9 98.103 96.705 94.64 89.906 89.161 94.805 ◦98.159 97.246 94.936 95.174 92.091 ⋆94.953
Free of Charges All free markets 95.928 96.086 96.293 93.58 95.954 95.423 ◦96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95%
level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers
in italics and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
Table A.5: Market efficiency of azip and rl-zip in CH
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 96.657 94.718 95.415 95.766 ◦96.978 95.195 ◦97.521 96.717 95.113 97.126 96.829 ⭐95.565
All markets charge 10% 96.58 96.81 97.604 96.563 ◦97.613 95.331 96.908 95.801 ◦97.583 97.209 96.771 ⭐95.625
All markets charge 15% 96.96 97.402 ◦97.884 97.268 96.527 95.329 97.466 ◦97.613 97.471 97.436 96.181 ⭐95.786
5%, 10%, 15%, 20%, 25% ◦98.656 97.113 97.789 96.291 88.644 95.284 ◦99.146 98.292 97.501 92.648 91.108 ⭐95.348
10%, 20%, 30%, 40%, 50% ◦99.136 98.313 96.027 95.118 86.611 95.175 ◦99.374 98.725 97.808 90.602 84.428 95.231
15%, 30%, 45%, 60%, 75% ◦99.346 98.884 96.998 88.161 81.565 ⋆94.839 99.069 ◦99.071 95.133 88.815 77.334 94.823
Registration Fee
All markets chargeg 0.5 90.047 92.151 ◦93.185 91.844 91.93 ⋆91.987 90.428 91.493 89.716 91.036 ◦91.991 90.678
All markets charge 1 91.209 91.591 ◦92.714 91.766 90.116 ⋆91.959 91.097 90.171 88.455 ◦91.764 89.957 90.709
All markets charge 2 91.123 88.297 89.328 ◦92.123 90.833 ⋆92.04 ◦91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 96.174 ◦96.185 95.42 94.385 92.397 95.048 95.959 95.18 95.73 ◦96.006 94.745 ⭐95.298
1, 2, 3, 4, 5 ◦98.583 95.675 95.776 93.493 92.054 94.836 ◦99.201 97.514 96.008 92.829 92.741 ⭐95.231
1, 3, 5, 7, 9 ◦98.527 97.08 97.019 91.722 86.289 94.765 ◦98.159 97.246 94.936 95.174 92.091 ⭐94.953
Free of Charges All free markets 96.806 93.974 ◦97.684 96.743 94.886 95.181 ◦96.788 96.623 96.595 95.09 96.446 ⭐95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for
both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers in italics and
with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
Table A.6: Market efficiency of ozip and rl-zip in CH
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 97.445 96.375 95.372 95.45 97.383 95.403 ◦97.521 96.717 95.113 97.126 96.829 ⋆95.565
All markets charge 10% 95.995 97.816 ◦98.119 95.448 95.099 95.283 96.908 95.801 97.583 97.209 96.771 ⋆95.625
All markets charge 15% 96.77 96.547 97.543 ◦97.642 97.156 95.278 97.466 97.613 97.471 97.436 96.181 ⋆95.786
5%, 10%, 15%, 20%, 25% 98.91 96.484 97.04 96.258 94.722 95.246 ◦99.146 98.292 97.501 92.648 91.108 ⋆95.348
10%, 20%, 30%, 40%, 50% 98.572 97.615 97.456 91.441 87.975 94.951 ◦99.374 98.725 97.808 90.602 84.428 ⋆95.231
15%, 30%, 45%, 60%, 75% ◦99.349 99.047 96.447 88.902 82.604 94.856 99.069 99.071 95.133 88.815 77.334 ⋆94.823
Registration Fee
All markets chargeg 0.5 94.004 96.228 94.041 96.302 96.515 95.153 96.316 95.589 ◦97.758 95.706 96.394 ⋆95.582
All markets charge 1 94.519 95.39 92.886 97.149 96.263 95.163 94.456 ◦97.512 95.756 93.962 95.932 ⋆95.48
All markets charge 2 93.484 95.056 95.877 ◦97.2 94.719 95.284 93.498 97 95.806 96.109 95.925 ⋆95.441
0.5, 1, 1.5, 2.0, 2.5 94.87 ◦97.188 94.628 95.93 93.047 94.917 95.959 95.18 95.73 96.006 94.745 ⋆95.298
1, 2, 3, 4, 5 96.25 96.851 94.756 94.357 92.614 94.914 ◦99.201 97.514 96.008 92.829 92.741 ⋆95.231
1, 3, 5, 7, 9 ◦99.4 95.698 95.694 93.533 86.573 94.737 ◦98.159 97.246 94.936 95.174 92.091 ⋆94.953
Free of Charges All free markets 95.517 94.541 96.422 93.352 95.86 95.128 ◦96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95%
level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers
in italics and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
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Table A.7: Threshold test results of market efficiency for profit charging markets (ZIP VS RL-ZIP)
ZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets charge 5% 93.016 92.286 91.947 92.061 87.341 ⋆91.912 89.359 91.396 92.226 89.874 91.627 90.654
All markets charge 10% 92.748 92.321 91.067 91.268 90.411 ⋆91.856 90.742 91.052 90.298 88.475 88.982 90.786
All markets charge 15% 89.855 92.356 89.753 91.305 91.267 ⋆91.784 91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 90.297 92.609 90.786 91.291 91.48 ⋆91.891 89.854 90.987 91.496 88.051 92.213 90.703
10%, 20%, 30%, 40%, 50% 93.163 89.859 91.813 89.623 89.199 ⋆91.846 92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% 93.016 92.778 89.301 90.867 90.574 ⋆91.874 91.928 91.796 91.828 91.031 86.617 90.738
All free markets 90.829 90.885 90.952 92.798 89.371 ⋆91.797 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets charge 5% 91.685 93.199 92.893 92.054 90.894 ⋆92.372 92.462 93.764 92.537 90.091 90.282 91.946
All markets charge 10% 93.491 93.199 92.498 88.957 93.189 ⋆92.245 92.488 93.177 91.662 91.548 92.168 91.884
All markets charge 15% 90.845 91.342 90.073 93.543 91.587 92.29 91.982 93.822 92.271 93.646 91.697 92.015
5%, 10%, 15%, 20%, 25% 92.744 91.788 91.186 92.034 92.96 ⋆92.35 90.443 92.213 92.533 92.448 92.514 92.016
10%, 20%, 30%, 40%, 50% 92.386 94.968 92.527 92.342 90.487 ⋆92.388 92.026 93.302 93.201 91.417 91.078 91.975
15%, 30%, 45%, 60%, 75% 93.934 92.693 90.693 89.739 90.287 ⋆92.291 93.085 92.992 92.942 91.633 88.535 91.978
All free markets 90.92 90.427 92.026 93.72 92.136 ⋆92.317 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets charge 5% 92.836 94.027 93.869 93.27 93.446 ⋆92.975 92.669 92.901 94.11 92.182 94.656 92.719
All markets charge 10% 93.984 92.921 92.822 91.203 94.088 92.923 95.43 94.069 93.895 93.4 92.706 92.832
All markets charge 15% 93.336 93.932 93.158 92.436 93.893 ⋆92.938 93.437 94.245 93.882 93.376 92.774 92.795
5%, 10%, 15%, 20%, 25% 94.626 93.514 91.188 92.727 91.611 92.778 94.194 92.177 94.428 93.159 91.95 ⋆92.803
10%, 20%, 30%, 40%, 50% 95.316 93.654 91.958 92.489 89.049 92.769 95.045 95.113 92.464 92.497 92.258 ⋆92.803
15%, 30%, 45%, 60%, 75% 94.378 95.069 94.923 90.526 91.56 ⋆92.88 94.896 94.134 93.166 91.56 92.398 92.75
All free markets 92.53 93.478 92.828 93.654 92.152 92.851 95.122 91.964 93.939 93.762 93.275 92.78
0.25
All markets charge 5% 95.275 92.794 93.99 93.069 94.015 93.619 95.008 94.418 93.9 96.014 94.338 ⋆93.706
All markets charge 10% 94.55 95.646 93.548 95.844 94.214 93.618 94.22 94.945 95.516 95.233 94.505 ⋆93.718
All markets charge 15% 94.268 94.811 93.027 95.345 95.119 93.648 94.891 95.694 95.584 95.613 94.11 ⋆93.835
5%, 10%, 15%, 20%, 25% 96.013 95.724 94.378 93.219 94.512 93.674 95.03 96.227 93.379 94.954 94.32 ⋆93.746
10%, 20%, 30%, 40%, 50% 96.507 94.595 94.572 92.974 93.664 93.727 96.739 96.129 94.429 94.053 90.721 93.735
15%, 30%, 45%, 60%, 75% 96.728 94.321 93.396 92.768 93.263 93.599 96.946 95.382 96.344 92.427 90.303 ⋆93.694
All free markets 93.685 94.573 94.025 96.255 94.732 93.757 93.937 94.026 96.284 95.315 93.466 93.74
0 (CH)
All markets charge 5% 95.621 96.161 94.004 94.726 96.39 95.451 97.521 96.717 95.113 97.126 96.829 ⋆95.565
All markets charge 10% 97.35 96.486 95.916 95.629 95.777 95.374 96.908 95.801 97.583 97.209 96.771 ⋆95.625
All markets charge 15% 96.315 96.85 97.826 97.638 97.71 95.609 97.466 97.613 97.471 97.436 96.181 ⋆95.786
5%, 10%, 15%, 20%, 25% 98.391 98.838 96.375 94.733 90.764 ⋆95.463 99.146 98.292 97.501 92.648 91.108 95.348
10%, 20%, 30%, 40%, 50% 99.235 98.813 96.77 90.506 80.916 95.097 99.374 98.725 97.808 90.602 84.428 ⋆95.231
15%, 30%, 45%, 60%, 75% 99.466 99.007 95.279 85.449 78.387 94.791 99.069 99.071 95.133 88.815 77.334 94.823
All free markets 95.928 96.086 96.293 93.58 95.954 95.423 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the
95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test.
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Table A.8: Threshold test results of market efficiency for registration fee charging markets (ZIP VS RL-ZIP)
ZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets chargeg 0.5 91.167 90.159 93.569 93.294 89.413 ⋆91.819 90.428 91.493 89.716 91.036 91.991 90.678
All markets charge 1 93.37 91.117 87.16 92.904 92.448 ⋆91.938 91.097 90.171 88.455 91.764 89.957 90.709
All markets charge 2 91.79 90.75 92.149 92.346 89.587 ⋆91.848 91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 92.375 91.944 90.705 90.336 91.728 ⋆91.94 91.315 90.73 90.001 91.479 89.601 90.749
1, 2, 3, 4, 5 94.173 92.159 92.598 85.66 89.56 ⋆91.828 93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 95.624 93.46 91.131 89.57 83.277 ⋆91.467 94.217 91.717 88.936 89.927 86.967 90.562
All free markets 90.829 90.885 90.952 92.798 89.371 ⋆91.797 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets chargeg 0.5 90.72 94.617 92.572 90.976 92.261 ⋆92.351 91.82 93.487 94.487 91.348 91.895 91.937
All markets charge 1 94.31 90.911 93.317 91.653 92.025 ⋆92.401 92.118 93.429 92.039 91.747 92.977 91.977
All markets charge 2 91.272 93.947 91.386 91.471 91.85 ⋆92.417 89.811 92.679 91.911 92.705 92.182 92.073
0.5, 1, 1.5, 2.0, 2.5 95.025 92.882 93.486 91.566 89.898 ⋆92.364 91.84 93.574 91.905 93.478 91.126 92.062
1, 2, 3, 4, 5 95.277 92.75 91.196 91.77 87.657 92.261 93.887 93.326 92.86 91.629 90.181 92.062
1, 3, 5, 7, 9 95.995 93.429 91.942 88.834 86.035 92.007 94.341 93.286 91.353 90.666 90.419 91.874
All free markets 90.92 90.427 92.026 93.72 92.136 ⋆92.317 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets chargeg 0.5 93.931 90.927 93.023 93.05 93.083 92.753 93.189 94.18 93.817 92.889 93.602 ⋆92.855
All markets charge 1 92.116 94.703 93.436 93.007 93.572 92.969 94.904 92.755 93.455 94.583 92.323 92.838
All markets charge 2 93.115 93.634 93.078 94.45 94.425 ⋆92.917 93.991 93.369 92.946 93.761 91.126 92.76
0.5, 1, 1.5, 2.0, 2.5 94.795 93.768 93.674 92.077 92.48 ⋆92.836 92.776 92.94 93.776 91.668 92.985 92.681
1, 2, 3, 4, 5 95.577 93.489 93.595 93.952 92.608 92.924 93.5 94.528 95.775 94.499 92.148 92.904
1, 3, 5, 7, 9 95.449 92.465 93.927 91.897 90.786 ⋆92.74 95.825 94.939 92.577 92.739 89.478 92.559
All free markets 92.53 93.478 92.828 93.654 92.152 92.851 95.122 91.964 93.939 93.762 93.275 92.78
0.25
All markets chargeg 0.5 94.863 93.872 94.019 94.656 92.937 93.567 94.622 93.177 95.509 95.575 95.854 ⋆93.803
All markets charge 1 93.691 94.614 93.841 94.977 94.382 93.624 94.595 95.098 95.495 94.477 95.92 ⋆93.797
All markets charge 2 95.093 94.671 94.481 93.237 95.113 ⋆93.712 95.7 95.057 95.536 95.454 94.398 93.648
0.5, 1, 1.5, 2.0, 2.5 94.201 95.426 94.42 93.684 93.887 93.645 95.105 94.72 93.856 94.429 94.65 ⋆93.754
1, 2, 3, 4, 5 95.358 95.706 96.371 93.301 92.66 93.626 95.606 94.352 95.617 93.525 94.683 ⋆93.743
1, 3, 5, 7, 9 96.024 95.938 94.321 92.402 91.091 93.337 96.603 95.338 94.092 95.533 90.378 ⋆93.514
All free markets 93.685 94.573 94.025 96.255 94.732 93.757 93.937 94.026 96.284 95.315 93.466 93.74
0 (CH)
All markets chargeg 0.5 94.359 93.262 98.101 95.552 96.81 95.447 96.316 95.589 97.758 95.706 96.394 ⋆95.582
All markets charge 1 95.987 96.414 95.92 96.34 94.972 95.477 94.456 97.512 95.756 93.962 95.932 95.48
All markets charge 2 94.596 94.502 96.018 94.253 95.761 95.267 93.498 97 95.806 96.109 95.925 ⋆95.441
0.5, 1, 1.5, 2.0, 2.5 96.737 95.544 96.046 94.584 94.336 95.196 95.959 95.18 95.73 96.006 94.745 ⋆95.298
1, 2, 3, 4, 5 97.69 95.657 95.479 94.495 91.521 95.073 99.201 97.514 96.008 92.829 92.741 ⋆95.231
1, 3, 5, 7, 9 98.103 96.705 94.64 89.906 89.161 94.805 98.159 97.246 94.936 95.174 92.091 ⋆94.953
All free markets 95.928 96.086 96.293 93.58 95.954 95.423 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at
the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise
test.
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Table A.9: Threshold test results of market efficiency for profit charging markets (AZIP VS RL-ZIP)
AZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets charge 5% 89.84 88.785 91.987 91.373 92.742 ⋆92.007 89.359 91.396 92.226 89.874 91.627 90.654
All markets charge 10% 90.704 91.432 91.124 92.702 90.734 ⋆91.976 90.742 91.052 90.298 88.475 88.982 90.786
All markets charge 15% 91.444 91.238 92.199 89.249 91.715 ⋆91.877 91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 92.904 89.704 89.682 93.041 90.705 ⋆91.93 89.854 90.987 91.496 88.051 92.213 90.703
10%, 20%, 30%, 40%, 50% 92.351 93.846 92.409 88.128 89.302 ⋆91.876 92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% 92.799 92.737 89.918 89.676 88.713 ⋆91.898 91.928 91.796 91.828 91.031 86.617 90.738
All free markets 90.349 92.436 92.905 90.239 91.908 ⋆91.833 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets charge 5% 92.026 93.309 91.84 92.847 93.877 ⋆92.446 92.462 93.764 92.537 90.091 90.282 91.946
All markets charge 10% 91.073 94.234 91.999 91.668 91.44 ⋆92.393 92.488 93.177 91.662 91.548 92.168 91.884
All markets charge 15% 92.101 92.757 92.785 91.993 92.298 ⋆92.494 91.982 93.822 92.271 93.646 91.697 92.015
5%, 10%, 15%, 20%, 25% 91.315 91.141 93.623 91.5 92.3 ⋆92.432 90.443 92.213 92.533 92.448 92.514 92.016
10%, 20%, 30%, 40%, 50% 93.079 94.046 93.374 91.454 90.561 ⋆92.426 92.026 93.302 93.201 91.417 91.078 91.975
15%, 30%, 45%, 60%, 75% 94.308 94.112 91.729 92.629 89.926 ⋆92.452 93.085 92.992 92.942 91.633 88.535 91.978
All free markets 91.573 92.557 93.476 91.063 92.873 ⋆92.445 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets charge 5% 94.125 92.938 94.455 91.775 93.959 92.812 92.669 92.901 94.11 92.182 94.656 92.719
All markets charge 10% 91.458 92.195 94.808 93.485 93.036 92.905 95.43 94.069 93.895 93.4 92.706 92.832
All markets charge 15% 93.395 92.792 93.523 93.279 93.587 92.841 93.437 94.245 93.882 93.376 92.774 92.795
5%, 10%, 15%, 20%, 25% 92.703 93.747 94.059 94.253 94.338 92.919 94.194 92.177 94.428 93.159 91.95 92.803
10%, 20%, 30%, 40%, 50% 94.861 94.447 91.243 93.381 90.348 92.896 95.045 95.113 92.464 92.497 92.258 92.803
15%, 30%, 45%, 60%, 75% 95.506 93.828 92.695 92.604 92.897 ⋆92.924 94.896 94.134 93.166 91.56 92.398 92.75
All free markets 94.228 93.479 92.423 93.969 93.574 92.865 95.122 91.964 93.939 93.762 93.275 92.78
0.25
All markets charge 5% 95.2 94.903 94.225 95.296 93.671 93.684 95.008 94.418 93.9 96.014 94.338 93.706
All markets charge 10% 94.262 96.011 93.627 93.696 94.536 93.627 94.22 94.945 95.516 95.233 94.505 ⋆93.718
All markets charge 15% 93.703 93.647 95.257 95.804 94.307 93.653 94.891 95.694 95.584 95.613 94.11 ⋆93.835
5%, 10%, 15%, 20%, 25% 95.615 95.298 92.598 94.898 92.949 93.606 95.03 96.227 93.379 94.954 94.32 ⋆93.746
10%, 20%, 30%, 40%, 50% 96.349 94.856 95.216 94.306 92.389 93.615 96.739 96.129 94.429 94.053 90.721 ⋆93.735
15%, 30%, 45%, 60%, 75% 97.163 95.066 92.692 93.666 92.054 93.632 96.946 95.382 96.344 92.427 90.303 ⋆93.694
All free markets 92.79 95.255 94.537 95.058 95.775 93.605 93.937 94.026 96.284 95.315 93.466 ⋆93.74
0 (CH)
All markets charge 5% 96.657 94.718 95.415 95.766 96.978 95.195 97.521 96.717 95.113 97.126 96.829 ⋆95.565
All markets charge 10% 96.58 96.81 97.604 96.563 97.613 95.331 96.908 95.801 97.583 97.209 96.771 ⋆95.625
All markets charge 15% 96.96 97.402 97.884 97.268 96.527 95.329 97.466 97.613 97.471 97.436 96.181 ⋆95.786
5%, 10%, 15%, 20%, 25% 98.656 97.113 97.789 96.291 88.644 95.284 99.146 98.292 97.501 92.648 91.108 ⋆95.348
10%, 20%, 30%, 40%, 50% 99.136 98.313 96.027 95.118 86.611 95.175 99.374 98.725 97.808 90.602 84.428 95.231
15%, 30%, 45%, 60%, 75% 99.346 98.884 96.998 88.161 81.565 ⋆94.839 99.069 99.071 95.133 88.815 77.334 94.823
All free markets 96.806 93.974 97.684 96.743 94.886 95.181 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the
95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test.
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Table A.10: Threshold test results of market efficiency for registration fee charging markets (AZIP VS RL-ZIP)
AZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets chargeg 0.5 90.047 92.151 93.185 91.844 91.93 ⋆91.987 90.428 91.493 89.716 91.036 91.991 90.678
All markets charge 1 91.209 91.591 92.714 91.766 90.116 ⋆91.959 91.097 90.171 88.455 91.764 89.957 90.709
All markets charge 2 91.123 88.297 89.328 92.123 90.833 ⋆92.04 91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 92.107 90.972 92.698 92.426 89.147 ⋆92.007 91.315 90.73 90.001 91.479 89.601 90.749
1, 2, 3, 4, 5 93.056 92.759 92.152 88.534 89.255 ⋆91.866 93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 95.76 93.281 90.28 89.012 83.058 ⋆91.671 94.217 91.717 88.936 89.927 86.967 90.562
All free markets 90.349 92.436 92.905 90.239 91.908 ⋆91.833 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets chargeg 0.5 92.372 93.525 93.571 92.788 90.942 ⋆92.413 91.82 93.487 94.487 91.348 91.895 91.937
All markets charge 1 91.901 92.827 93.593 92.442 91.71 ⋆92.43 92.118 93.429 92.039 91.747 92.977 91.977
All markets charge 2 92.034 92.966 92.456 94.267 92.65 ⋆92.455 89.811 92.679 91.911 92.705 92.182 92.073
0.5, 1, 1.5, 2.0, 2.5 94.652 94.877 92.314 91.796 89.79 ⋆92.542 91.84 93.574 91.905 93.478 91.126 92.062
1, 2, 3, 4, 5 96.196 93.038 92.673 89.65 89.146 ⋆92.383 93.887 93.326 92.86 91.629 90.181 92.062
1, 3, 5, 7, 9 95.446 94.926 92.235 88.828 85.744 92.153 94.341 93.286 91.353 90.666 90.419 91.874
All free markets 91.573 92.557 93.476 91.063 92.873 ⋆92.445 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets chargeg 0.5 93.318 94.652 93.114 93.238 92.262 92.793 93.189 94.18 93.817 92.889 93.602 ⋆92.855
All markets charge 1 93.247 93.228 91.275 94.844 93.985 92.899 94.904 92.755 93.455 94.583 92.323 92.838
All markets charge 2 94.348 94.902 92.04 92.112 94.488 ⋆92.938 93.991 93.369 92.946 93.761 91.126 92.76
0.5, 1, 1.5, 2.0, 2.5 94.394 93.944 92.796 94.9 93.34 ⋆92.882 92.776 92.94 93.776 91.668 92.985 92.681
1, 2, 3, 4, 5 95.559 94.357 94.276 88.397 90.459 92.779 93.5 94.528 95.775 94.499 92.148 ⋆92.904
1, 3, 5, 7, 9 96.178 94.975 89.417 89.849 89.105 92.499 95.825 94.939 92.577 92.739 89.478 ⋆92.559
All free markets 94.228 93.479 92.423 93.969 93.574 92.865 95.122 91.964 93.939 93.762 93.275 92.78
0.25
All markets chargeg 0.5 94.985 94.329 95.971 95.09 93.351 93.604 94.622 93.177 95.509 95.575 95.854 ⋆93.803
All markets charge 1 91.237 94.965 95.477 94.973 95.039 93.528 94.595 95.098 95.495 94.477 95.92 ⋆93.797
All markets charge 2 95.032 94.071 94.125 95.576 92.724 93.62 95.7 95.057 95.536 95.454 94.398 93.648
0.5, 1, 1.5, 2.0, 2.5 95.942 95.548 94.6 93.677 93.492 93.631 95.105 94.72 93.856 94.429 94.65 ⋆93.754
1, 2, 3, 4, 5 95.606 95.941 95.391 94.482 92.691 93.683 95.606 94.352 95.617 93.525 94.683 93.743
1, 3, 5, 7, 9 97.005 94.668 93.62 93.853 88.802 93.253 96.603 95.338 94.092 95.533 90.378 ⋆93.514
All free markets 92.79 95.255 94.537 95.058 95.775 93.605 93.937 94.026 96.284 95.315 93.466 ⋆93.74
0 (CH)
All markets chargeg 0.5 91.908 94.971 97.437 95.967 94.172 95.234 96.316 95.589 97.758 95.706 96.394 ⋆95.582
All markets charge 1 95.546 95.078 95.734 92.993 96.844 95.249 94.456 97.512 95.756 93.962 95.932 ⋆95.48
All markets charge 2 96.322 93.854 96.27 96.705 94.886 95.172 93.498 97 95.806 96.109 95.925 ⋆95.441
0.5, 1, 1.5, 2.0, 2.5 96.174 96.185 95.42 94.385 92.397 95.048 95.959 95.18 95.73 96.006 94.745 ⋆95.298
1, 2, 3, 4, 5 98.583 95.675 95.776 93.493 92.054 94.836 99.201 97.514 96.008 92.829 92.741 ⋆95.231
1, 3, 5, 7, 9 98.527 97.08 97.019 91.722 86.289 94.765 98.159 97.246 94.936 95.174 92.091 ⋆94.953
All free markets 96.806 93.974 97.684 96.743 94.886 95.181 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at
the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise
test.
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Table A.11: Threshold test results of market efficiency for profit charging markets (OZIP VS RL-ZIP)
OZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets charge 5% 90.225 90.429 89.948 92.621 92.061 ⋆91.941 89.359 91.396 92.226 89.874 91.627 90.654
All markets charge 10% 92.308 92.286 89.389 92.199 90.811 ⋆91.96 90.742 91.052 90.298 88.475 88.982 90.786
All markets charge 15% 91.081 92.889 93.124 89.749 89.617 ⋆91.994 91.278 90.843 90.108 90.127 89.471 90.915
5%, 10%, 15%, 20%, 25% 90.978 90.696 91.897 93.315 89.843 ⋆91.995 89.854 90.987 91.496 88.051 92.213 90.703
10%, 20%, 30%, 40%, 50% 93.705 91.582 92.658 89.956 89.826 ⋆91.905 92.869 90.436 90.883 89.075 90.369 90.769
15%, 30%, 45%, 60%, 75% 92.322 92.127 91.944 90.563 89.023 ⋆92.024 91.928 91.796 91.828 91.031 86.617 90.738
All free markets 90.824 92.245 89.1 91.652 91.422 ⋆91.879 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets charge 5% 92.537 93.566 92.548 92.237 91.45 ⋆92.403 92.462 93.764 92.537 90.091 90.282 91.946
All markets charge 10% 90.688 91.375 92.145 90.384 93.537 ⋆92.339 92.488 93.177 91.662 91.548 92.168 91.884
All markets charge 15% 93.824 92.504 92.023 92.121 92.299 ⋆92.453 91.982 93.822 92.271 93.646 91.697 92.015
5%, 10%, 15%, 20%, 25% 93.155 92.789 93.699 90.014 90.47 ⋆92.444 90.443 92.213 92.533 92.448 92.514 92.016
10%, 20%, 30%, 40%, 50% 93.902 91.787 91.955 92.95 92.252 ⋆92.35 92.026 93.302 93.201 91.417 91.078 91.975
15%, 30%, 45%, 60%, 75% 93.438 93.417 92.412 91.2 89.891 ⋆92.419 93.085 92.992 92.942 91.633 88.535 91.978
All free markets 91.856 91.603 92.759 91.914 93.89 ⋆92.359 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets charge 5% 93.944 93.107 92.483 91.381 94.37 92.752 92.669 92.901 94.11 92.182 94.656 92.719
All markets charge 10% 91.261 92.625 94.758 93.685 91.745 92.751 95.43 94.069 93.895 93.4 92.706 ⋆92.832
All markets charge 15% 94.25 92.275 94.649 93.941 91.91 92.788 93.437 94.245 93.882 93.376 92.774 ⋆92.795
5%, 10%, 15%, 20%, 25% 93.12 93.494 94.087 92.628 91.257 92.735 94.194 92.177 94.428 93.159 91.95 ⋆92.803
10%, 20%, 30%, 40%, 50% 94.554 94.839 92.36 90.019 89.624 92.753 95.045 95.113 92.464 92.497 92.258 ⋆92.803
15%, 30%, 45%, 60%, 75% 94.413 94.064 92.357 93.646 91.132 92.811 94.896 94.134 93.166 91.56 92.398 92.75
All free markets 95.953 93.297 93.134 91.561 91.137 92.856 95.122 91.964 93.939 93.762 93.275 92.78
0.25
All markets charge 5% 94.806 93.819 94.561 95.332 94.562 93.483 95.008 94.418 93.9 96.014 94.338 ⋆93.706
All markets charge 10% 94.921 94.029 93.295 93.401 94.523 93.547 94.22 94.945 95.516 95.233 94.505 ⋆93.718
All markets charge 15% 94.19 93.869 93.891 95.801 95.294 93.519 94.891 95.694 95.584 95.613 94.11 ⋆93.835
5%, 10%, 15%, 20%, 25% 95.517 94.405 93.687 93.192 93.305 93.569 95.03 96.227 93.379 94.954 94.32 ⋆93.746
10%, 20%, 30%, 40%, 50% 95.594 96.312 92.162 93.946 91.854 93.487 96.739 96.129 94.429 94.053 90.721 ⋆93.735
15%, 30%, 45%, 60%, 75% 95.438 95.539 94.286 96.232 89.928 93.631 96.946 95.382 96.344 92.427 90.303 93.694
All free markets 95.726 95.032 93.445 92.965 93.843 93.455 93.937 94.026 96.284 95.315 93.466 ⋆93.74
0 (CH)
All markets charge 5% 97.445 96.375 95.372 95.45 97.383 95.403 97.521 96.717 95.113 97.126 96.829 ⋆95.565
All markets charge 10% 95.995 97.816 98.119 95.448 95.099 95.283 96.908 95.801 97.583 97.209 96.771 ⋆95.625
All markets charge 15% 96.77 96.547 97.543 97.642 97.156 95.278 97.466 97.613 97.471 97.436 96.181 ⋆95.786
5%, 10%, 15%, 20%, 25% 98.91 96.484 97.04 96.258 94.722 95.246 99.146 98.292 97.501 92.648 91.108 ⋆95.348
10%, 20%, 30%, 40%, 50% 98.572 97.615 97.456 91.441 87.975 94.951 99.374 98.725 97.808 90.602 84.428 ⋆95.231
15%, 30%, 45%, 60%, 75% 99.349 99.047 96.447 88.902 82.604 94.856 99.069 99.071 95.133 88.815 77.334 ⋆94.823
All free markets 95.517 94.541 96.422 93.352 95.86 95.128 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the
95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test.
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Table A.12: Threshold test results of market efficiency for registration fee charging markets (OZIP VS RL-ZIP)
OZIP RL-ZIP
Threshold Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
1.0 (CDA)
All markets chargeg 0.5 90.869 91.85 93.358 93.263 88.657 ⋆91.923 90.428 91.493 89.716 91.036 91.991 90.678
All markets charge 1 91.826 90.947 90.979 91.218 91.297 ⋆91.943 91.097 90.171 88.455 91.764 89.957 90.709
All markets charge 2 89.133 91.115 90.571 91.837 93.213 ⋆91.919 91.312 90.269 89.456 88.957 90.918 90.804
0.5, 1, 1.5, 2.0, 2.5 94.281 91.729 88.54 92.067 91.906 ⋆92.033 91.315 90.73 90.001 91.479 89.601 90.749
1, 2, 3, 4, 5 95.64 94.084 91.112 88.618 86.069 ⋆91.894 93.004 91.942 89.742 90.126 89.625 90.859
1, 3, 5, 7, 9 96.125 90.636 90.624 88.059 81.313 ⋆91.565 94.217 91.717 88.936 89.927 86.967 90.562
All free markets 90.824 92.245 89.1 91.652 91.422 ⋆91.879 90.269 90.359 89.077 91.433 91.375 90.883
0.75
All markets chargeg 0.5 90.659 92.456 93.308 92.288 89.784 ⋆92.326 91.82 93.487 94.487 91.348 91.895 91.937
All markets charge 1 93.237 90.96 92.101 90.8 93.305 ⋆92.435 92.118 93.429 92.039 91.747 92.977 91.977
All markets charge 2 91.559 93.467 93.887 93.119 91.905 92.356 89.811 92.679 91.911 92.705 92.182 92.073
0.5, 1, 1.5, 2.0, 2.5 94.24 92.297 92.375 92.502 91.355 ⋆92.395 91.84 93.574 91.905 93.478 91.126 92.062
1, 2, 3, 4, 5 93.434 91.694 92.832 93.223 87.982 92.303 93.887 93.326 92.86 91.629 90.181 92.062
1, 3, 5, 7, 9 96.949 92.081 89.361 88.933 83.87 91.98 94.341 93.286 91.353 90.666 90.419 91.874
All free markets 91.856 91.603 92.759 91.914 93.89 ⋆92.359 91.895 92.757 92.434 93.788 91.46 91.921
0.5
All markets chargeg 0.5 93.596 92.626 93.563 94.012 91.96 92.805 93.189 94.18 93.817 92.889 93.602 ⋆92.855
All markets charge 1 92.46 92.279 94.641 91.891 93.954 92.878 94.904 92.755 93.455 94.583 92.323 92.838
All markets charge 2 93.82 94.249 93.846 92.495 93.349 92.877 93.991 93.369 92.946 93.761 91.126 92.76
0.5, 1, 1.5, 2.0, 2.5 92.621 94.159 92.521 92.137 92.098 92.767 92.776 92.94 93.776 91.668 92.985 92.681
1, 2, 3, 4, 5 95.182 94.116 94.722 91.125 89.233 92.732 93.5 94.528 95.775 94.499 92.148 ⋆92.904
1, 3, 5, 7, 9 95.826 95.077 91.691 88.895 85.357 92.534 95.825 94.939 92.577 92.739 89.478 ⋆92.559
All free markets 95.953 93.297 93.134 91.561 91.137 92.856 95.122 91.964 93.939 93.762 93.275 92.78
0.25
All markets chargeg 0.5 94.707 94.537 93.827 93.346 94.594 93.534 94.622 93.177 95.509 95.575 95.854 ⋆93.803
All markets charge 1 92.998 93.973 94.389 94.872 94.606 93.606 94.595 95.098 95.495 94.477 95.92 ⋆93.797
All markets charge 2 93.8 95.42 94.26 94.083 94.454 93.585 95.7 95.057 95.536 95.454 94.398 93.648
0.5, 1, 1.5, 2.0, 2.5 94.073 94.704 94.114 93.689 94.413 93.544 95.105 94.72 93.856 94.429 94.65 ⋆93.754
1, 2, 3, 4, 5 96.085 95.979 95.129 92.744 91.174 93.505 95.606 94.352 95.617 93.525 94.683 ⋆93.743
1, 3, 5, 7, 9 95.464 94.579 95.878 92.121 87.842 93.23 96.603 95.338 94.092 95.533 90.378 ⋆93.514
All free markets 95.726 95.032 93.445 92.965 93.843 93.455 93.937 94.026 96.284 95.315 93.466 ⋆93.74
0 (CH)
All markets chargeg 0.5 94.004 96.228 94.041 96.302 96.515 95.153 96.316 95.589 97.758 95.706 96.394 ⋆95.582
All markets charge 1 94.519 95.39 92.886 97.149 96.263 95.163 94.456 97.512 95.756 93.962 95.932 ⋆95.48
All markets charge 2 93.484 95.056 95.877 97.2 94.719 95.284 93.498 97 95.806 96.109 95.925 ⋆95.441
0.5, 1, 1.5, 2.0, 2.5 94.87 97.188 94.628 95.93 93.047 94.917 95.959 95.18 95.73 96.006 94.745 ⋆95.298
1, 2, 3, 4, 5 96.25 96.851 94.756 94.357 92.614 94.914 99.201 97.514 96.008 92.829 92.741 ⋆95.231
1, 3, 5, 7, 9 99.4 95.698 95.694 93.533 86.573 94.737 98.159 97.246 94.936 95.174 92.091 ⋆94.953
All free markets 95.517 94.541 96.422 93.352 95.86 95.128 96.788 96.623 96.595 95.09 96.446 ⋆95.522
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at
the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise
test.
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Table A.13: Last-10-day market efficiency of zip and rl-zip in CDA
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% ◦91.893 90.925 89.563 90.142 81.329 ⋆92.415 86.991 89.892 91.366 91.504 90.661 91.295
All markets charge 10% ◦92.319 90.793 88.411 88.967 86.844 ⋆92.631 87.986 90.736 88.671 87.889 85.857 91.378
All markets charge 15% 88.379 ◦91.801 87.573 88.895 90.566 ⋆92.216 90.296 89.463 88.247 88.705 85.436 91.371
5%, 10%, 15%, 20%, 25% 91.206 91.109 88.485 89.439 88.409 ⋆92.988 87.682 89.979 ◦92.474 86.128 89.761 90.98
10%, 20%, 30%, 40%, 50% 91.986 86.754 89.518 89.718 86.416 ⋆92.373 ◦94.513 89.439 90.61 88.123 89.76 91.045
15%, 30%, 45%, 60%, 75% 92.047 ◦93.255 85.52 88.754 88.794 ⋆92.614 90.961 91.095 92.286 85.321 83.369 90.818
Registration Fee
All markets chargeg 0.5 88.574 86.307 91.897 90.19 87.524 ⋆92.176 88.422 ◦92.399 89.521 91.093 90.218 91.395
All markets charge 1 ◦93.343 89.702 84.189 92.796 91.772 ⋆92.432 90.385 88.224 84.578 90.708 87.37 91.056
All markets charge 2 88.501 86.759 ◦90.305 89.738 88.322 ⋆91.941 89.38 88.086 89.634 87.484 88.11 91.149
0.5, 1, 1.5, 2.0, 2.5 92.431 90.158 86.087 86.18 ◦93.105 ⋆92.497 92.491 91.628 88.074 87.101 88.819 91.379
1, 2, 3, 4, 5 92.315 91.008 91.716 80.265 91.018 ⋆92.199 ◦93.715 92.296 91.414 86.938 87.607 91.528
1, 3, 5, 7, 9 ◦95.751 93.353 87.316 82.006 70.287 ⋆91.7 94.494 89.721 86.76 84.678 83.534 90.072
Free of Charges All free markets 89.555 90.054 91.245 91.637 88.489 ⋆92.198 89.614 89.979 88.638 91.146 ◦91.68 91.615
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95%
level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers
in italics and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
Table A.14: Last-10-day market efficiency of azip and rl-zip in CDA
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 86.473 82.246 90.5 88.849 ◦93.108 ⭐92.179 86.991 89.892 91.366 ◦91.504 90.661 91.295
All markets charge 10% 90.355 88.291 ◦90.821 89.855 90.466 ⋆92.829 87.986 ◦90.736 88.671 87.889 85.857 91.378
All markets charge 15% 88.125 87.377 ◦90.471 85.467 89.084 ⭐91.826 ◦90.296 89.463 88.247 88.705 85.436 91.371
5%, 10%, 15%, 20%, 25% ◦92.254 89.262 88.497 91.989 87.729 ⋆92.052 87.682 89.979 ◦92.474 86.128 89.761 90.98
10%, 20%, 30%, 40%, 50% 90.948 ◦91.818 89.019 83.989 86.694 ⭐92.115 ◦94.513 89.439 90.61 88.123 89.76 91.045
15%, 30%, 45%, 60%, 75% ◦91.445 91.01 85.308 88.515 86.46 ⋆92.393 90.961 91.095 ◦92.286 85.321 83.369 90.818
Registration Fee
All markets chargeg 0.5 85.82 ◦92.239 91.837 91.215 89.011 ⭐92.175 88.422 ◦92.399 89.521 91.093 90.218 91.395
All markets charge 1 86.967 87.99 91.219 ◦92.373 88.096 ⋆92.41 90.385 88.224 84.578 ◦90.708 87.37 91.056
All markets charge 2 90.815 84.169 88.166 ◦90.993 89.29 ⋆92.594 89.38 88.086 ◦89.634 87.484 88.11 91.149
0.5, 1, 1.5, 2.0, 2.5 90.657 91.504 ◦93.769 93.291 85.992 ⋆93.028 ◦92.491 91.628 88.074 87.101 88.819 91.379
1, 2, 3, 4, 5 ◦93.456 92 88.166 81.711 83.887 ⭐91.696 ◦93.715 92.296 91.414 86.938 87.607 91.528
1, 3, 5, 7, 9 ◦97.11 91.043 87.754 83.858 73.542 ⋆92.178 ◦94.494 89.721 86.76 84.678 83.534 90.072
Free of Charges All free markets 88.895 ◦92.879 92.29 85.382 89.342 ⭐92.475 89.614 89.979 88.638 91.146 ◦91.68 91.615
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level
for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers in italics
and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
Table A.15: Last-10-day market efficiency of ozip and rl-zip in CDA
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 86.693 89.13 86.405 ◦92.224 89.749 ⋆92.622 86.991 89.892 91.366 ◦91.504 90.661 91.295
All markets charge 10% 90.552 ◦90.627 85.471 87.83 89.135 ⭐92.341 87.986 ◦90.736 88.671 87.889 85.857 91.378
All markets charge 15% 88.986 90.567 ◦91.603 86.26 86.142 ⭐91.844 ◦90.296 89.463 88.247 88.705 85.436 91.371
5%, 10%, 15%, 20%, 25% 88.516 87.302 89.777 ◦92.076 85.337 ⋆92.445 87.682 89.979 ◦92.474 86.128 89.761 90.98
10%, 20%, 30%, 40%, 50% ◦93.358 91.138 89.369 87.242 88.839 ⭐92.182 ◦94.513 89.439 90.61 88.123 89.76 91.045
15%, 30%, 45%, 60%, 75% 87.915 ◦90.605 89.704 88.519 84.602 ⋆92.111 90.961 ◦91.095 92.286 85.321 83.369 90.818
Registration Fee
All markets chargeg 0.5 90.195 89.948 91.272 ◦93.22 87.654 ⭐92.262 88.422 ◦92.399 89.521 91.093 90.218 91.395
All markets charge 1 87.152 88.395 ◦90.877 88.384 90.549 ⭐92.255 90.385 88.224 84.578 ◦90.708 87.37 91.056
All markets charge 2 87.575 88.463 88.587 91.006 ◦92.597 ⋆92.043 89.38 88.086 ◦89.634 87.484 88.11 91.149
0.5, 1, 1.5, 2.0, 2.5 ◦93.888 90.237 86.892 90.978 88.54 ⋆92.704 ◦92.491 91.628 88.074 87.101 88.819 91.379
1, 2, 3, 4, 5 ◦96.161 92.602 90.116 85.002 78.544 ⭐92.141 ◦93.715 92.296 91.414 86.938 87.607 91.528
1, 3, 5, 7, 9 ◦96.707 88.465 86.462 80.416 72.786 ⋆92.03 ◦94.494 89.721 86.76 84.678 83.534 90.072
Free of Charges All free markets 86.712 ◦91.823 85.658 87.977 90.139 ⭐92.725 89.614 89.979 88.638 91.146 ◦91.68 91.615
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level
for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers in italics
and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
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Table A.16: Last-10-day market efficiency of zip and rl-zip in CH
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 92.943 ◦96.065 91.791 94.898 94.16 95.91 95.22 ◦96.539 93.208 98.441 96.219 ⭐95.931
All markets charge 10% ◦97.111 95.439 95.198 95.033 93.347 ⭐96.008 94.421 94.666 ◦97.116 96.705 96.716 95.921
All markets charge 15% 95.834 95.36 97.465 98.045 ◦98.064 95.984 ◦97.607 97.509 97.053 96.093 93.561 ⭐96.273
5%, 10%, 15%, 20%, 25% 98.801 ◦99.112 94.453 88.171 84.417 95.249 ◦99.38 98.616 95.589 89.16 83.064 ⋆95.776
10%, 20%, 30%, 40%, 50% ◦99.627 98.619 92.432 81.375 65.533 ⭐95.423 ◦99.577 98.763 95.46 78.551 66.89 95.16
15%, 30%, 45%, 60%, 75% ◦99.679 99.035 89.416 72.828 59.585 ⭐94.907 ◦99.698 99.049 91.699 67.595 61.53 94.707
Registration Fee
All markets chargeg 0.5 92.434 90.833 ◦96.999 92.662 96.956 95.92 92.733 92.129 ◦97.344 93.03 96.509 ⭐96.033
All markets charge 1 93.572 ◦94.979 92.941 94.683 93.353 95.388 92.662 ◦95.742 92.925 89.201 94.937 ⋆95.884
All markets charge 2 90.909 88.064 94.195 ◦95.279 92.16 95.379 94.037 93.635 ◦95.759 93.268 94.39 ⋆95.817
0.5, 1, 1.5, 2.0, 2.5 95.226 94.176 ◦95.506 89.945 92.107 95.904 93.63 93.931 93.792 ◦94.333 92.463 ⭐96.019
1, 2, 3, 4, 5 ◦95.686 93.751 93.483 88.951 89.372 95.507 ◦99.426 96.975 94.889 90.005 91.226 95.496
1, 3, 5, 7, 9 ◦97.462 96.715 93.423 80.737 79.869 94.841 ◦99.362 96.284 91.688 91.882 84.402 ⭐95.215
Free of Charges All free markets 93.431 93.421 ◦95.77 90.597 94.551 96.026 95.147 94.786 ◦97.68 94.721 97.322 96.076
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level
for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers in italics
and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
Table A.17: Last-10-day allocative efficiency of azip and rl-zip in CH
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 94.608 93.367 93.73 92.569 ◦96.724 95.62 95.22 96.539 93.208 ◦98.441 96.219 ⭐95.931
All markets charge 10% ◦97.602 96.425 96.386 97.005 96.776 95.596 94.421 94.666 ◦97.116 96.705 96.716 ⭐95.921
All markets charge 15% 96.113 95.441 ◦97.281 95.666 93.878 95.619 ◦97.607 97.509 97.053 96.093 93.561 ⋆96.273
5%, 10%, 15%, 20%, 25% ◦98.702 96.537 95.773 93.336 80.287 95.296 ◦99.38 98.616 95.589 89.16 83.064 ⋆95.776
10%, 20%, 30%, 40%, 50% ◦99.505 98.735 93.185 89.383 68.636 95.057 ◦99.577 98.763 95.46 78.551 66.89 ⭐95.16
15%, 30%, 45%, 60%, 75% ◦99.635 99.258 92.985 71.28 60.467 ⭐94.793 ◦99.698 99.049 91.699 67.595 61.53 94.707
Registration Fee
All markets chargeg 0.5 86.927 94.225 ◦96.325 93.237 90.769 95.54 92.733 92.129 ◦97.344 93.03 96.509 ⋆96.033
All markets charge 1 92.429 94.269 ◦94.735 89.169 93.731 95.479 92.662 ◦95.742 92.925 89.201 94.937 ⭐95.884
All markets charge 2 92.027 89.544 93.87 94.046 ◦93.935 95.346 94.037 93.635 ◦95.759 93.268 94.39 ⋆95.817
0.5, 1, 1.5, 2.0, 2.5 94.668 ◦95.778 95.348 91.411 87.277 95.404 93.63 ◦93.931 93.792 94.333 92.463 ⋆96.019
1, 2, 3, 4, 5 ◦99.422 95.549 91.675 87.675 87.133 95.151 ◦99.426 96.975 94.889 90.005 91.226 ⭐95.496
1, 3, 5, 7, 9 ◦99.148 94.012 93.948 86.681 80.461 95.009 ◦99.362 96.284 91.688 91.882 84.402 ⭐95.215
Free of Charges All free markets 96.694 91.57 ◦97.406 94.973 91.477 95.725 95.147 94.786 ◦97.68 94.721 97.322 ⭐96.076
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level
for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers in italics
and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
Table A.18: Last-10-day market efficiency of ozip and rl-zip in CH
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 95.351 95.78 96.056 94.969 97.272 95.805 95.22 96.539 93.208 ◦98.441 96.219 ⋆95.931
All markets charge 10% 95.316 95.592 ◦98.633 91.401 94.353 95.798 94.421 94.666 97.116 96.705 96.716 ⋆95.921
All markets charge 15% 94.155 ◦97.686 96.38 97.564 95.743 95.976 97.607 97.509 97.053 96.093 93.561 ⋆96.273
5%, 10%, 15%, 20%, 25% 99.285 94.732 97.194 94.498 90.357 95.556 ◦99.38 98.616 95.589 89.16 83.064 ⋆95.776
10%, 20%, 30%, 40%, 50% 98.629 97.892 96.252 82.454 73.797 94.883 ◦99.577 98.763 95.46 78.551 66.89 ⋆95.16
15%, 30%, 45%, 60%, 75% 99.649 99.001 94.567 70.067 59.274 94.169 ◦99.698 99.049 91.699 67.595 61.53 ⋆94.707
Registration Fee
All markets chargeg 0.5 92.889 95.175 90.605 96.864 96.562 95.507 92.733 92.129 ◦97.344 93.03 96.509 ⋆96.033
All markets charge 1 91.533 94.645 92.277 ◦95.856 94.234 95.509 92.662 95.742 92.925 89.201 94.937 ⋆95.884
All markets charge 2 94.274 ◦95.941 94.422 94.678 92.42 95.673 94.037 93.635 95.759 93.268 94.39 ⋆95.817
0.5, 1, 1.5, 2.0, 2.5 91.723 ◦96.848 90.295 94.158 92.878 95.29 93.63 93.931 93.792 94.333 92.463 ⋆96.019
1, 2, 3, 4, 5 96.356 94.415 93.535 92.817 89.163 95.331 ◦99.426 96.975 94.889 90.005 91.226 ⋆95.496
1, 3, 5, 7, 9 ◦99.693 96.261 91.111 86.667 77.973 94.624 99.362 96.284 91.688 91.882 84.402 ⋆95.215
Free of Charges All free markets 95.73 87.367 93.812 92.203 94.027 95.568 95.147 94.786 ◦97.68 94.721 97.322 ⋆96.076
Numbers in bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95%
level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers
in italics and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
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A.1.2 Coefficient of convergence
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(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure A.7: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 5%, 10%, 15%, 20%, 25% profit fees. In each plot, the dotted line indicates non-
transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip
or ozip).






(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure A.8: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 10%, 20%, 30%, 40%, 40% profit fees. In each plot, the dotted line indicates non-
transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip
or ozip).






(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure A.9: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 15%, 30%, 45%, 60%, 75% profit fees. In each plot, the dotted line indicates non-
transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip
or ozip).
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(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure A.10: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 0.5, 1.0, 1.5, 2.0, 2.5 registration fees. In each plot, the dotted line indicates non-
transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip
or ozip).






(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure A.11: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 1.0, 2.0, 3.0, 4.0, 5.0 registration fees. In each plot, the dotted line indicates non-
transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip
or ozip).






(a) ZIP VS RL-ZIP






(b) AZIP VS RL-
ZIP






(c) OZIP VS RL-
ZIP
Figure A.12: Transfer learning trading strategy VS non-transfer learning trading strategy. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. Market charges
M0 through M4: 1.0, 3.0, 5.0, 7.0, 9.0 registration fees. In each plot, the dotted line indicates non-
transfer learning strategy (rl-zip), while solid line indicates transfer learning strategy (zip, azip
or ozip).
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Table A.19: Coefficient of convengence of zip and rl-zip in CDA
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.2999 6.3211 6.1914 6.3865 6.6193 ⋆11.148 7.3613 7.0158 6.5797 7.2783 7.1884 11.994
All markets charge 10% 6.3353 6.2041 6.346 6.4015 6.5972 ⋆11.157 6.8234 6.9945 7.032 7.3632 7.1144 11.847
All markets charge 15% 6.5751 6.3912 6.3088 6.1577 6.3673 ⋆11.214 7.1754 7.0286 7.0216 6.9211 6.9517 11.791
5%, 10%, 15%, 20%, 25% 6.3709 6.3113 6.3459 6.3339 6.4772 ⋆11.131 7.3477 7.2026 6.8151 7.5456 6.6897 11.935
10%, 20%, 30%, 40%, 50% 6.2175 6.2646 6.3131 6.4635 6.572 ⋆11.054 6.6842 6.8412 6.9628 7.3832 7.3205 11.845
15%, 30%, 45%, 60%, 75% 6.3052 6.1634 6.3271 6.2521 6.341 ⋆11.072 6.6385 6.7249 6.9778 7.0619 7.7231 11.915
Registration Fee
All markets chargeg 0.5 6.3889 6.7057 6.0596 6.3584 6.4354 ⋆11.136 6.9809 6.9955 7.0209 7.0317 6.9667 12.013
All markets charge 1 6.3106 6.5031 6.5487 6.1765 6.3647 ⋆11.093 7.0903 7.0168 7.3913 6.7379 7.1408 11.867
All markets charge 2 6.4366 6.4125 6.3759 6.2424 6.4769 ⋆11.094 6.841 7.0201 7.4086 7.2253 6.9466 11.837
0.5, 1, 1.5, 2.0, 2.5 5.7717 6.1738 6.8094 7.2107 6.6743 ⋆10.831 6.5687 6.9427 7.2248 7.3492 7.9587 11.861
1, 2, 3, 4, 5 5.4418 6.1775 6.9588 7.903 7.9535 ⋆10.734 6.2301 6.6275 7.4045 7.9385 7.941 11.792
1, 3, 5, 7, 9 4.9455 6.4362 7.4113 8.5955 10.018 ⋆10.909 5.6487 7.004 8.2661 8.61 9.7527 11.884
Free of Charges All free markets 6.4291 6.2195 6.5497 6.2873 6.4561 ⋆11.207 6.6626 7.3638 7.3049 7.1294 7.0114 11.835
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
Table A.20: Coefficient of convengence of azip and rl-zip in CDA
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.4005 6.5241 6.3703 6.0986 6.3054 ⋆10.994 7.3613 7.0158 6.5797 7.2783 7.1884 11.994
All markets charge 10% 6.1668 6.4469 6.3016 6.1307 6.3379 ⋆11.153 6.8234 6.9945 7.032 7.3632 7.1144 11.847
All markets charge 15% 6.0874 6.5394 6.1955 6.5102 6.3617 ⋆11.181 7.1754 7.0286 7.0216 6.9211 6.9517 11.791
5%, 10%, 15%, 20%, 25% 6.1172 6.3414 6.2972 6.3021 6.437 ⋆11.217 7.3477 7.2026 6.8151 7.5456 6.6897 11.935
10%, 20%, 30%, 40%, 50% 6.3157 6.0153 6.3214 6.6252 6.5288 ⋆11.188 6.6842 6.8412 6.9628 7.3832 7.3205 11.845
15%, 30%, 45%, 60%, 75% 5.8817 6.2182 6.4134 6.3474 6.8832 ⋆11.185 6.6385 6.7249 6.9778 7.0619 7.7231 11.915
Registration Fee
All markets chargeg 0.5 6.3199 6.1596 6.2541 6.6374 6.2191 ⋆11.14 6.9809 6.9955 7.0209 7.0317 6.9667 12.013
All markets charge 1 6.1783 6.5109 6.3242 6.4305 6.1328 ⋆11.19 7.0903 7.0168 7.3913 6.7379 7.1408 11.867
All markets charge 2 6.243 6.5664 6.4121 6.2392 6.4394 ⋆11.026 6.841 7.0201 7.4086 7.2253 6.9466 11.837
0.5, 1, 1.5, 2.0, 2.5 5.7441 6.1525 6.3783 6.8682 7.3543 ⋆10.95 6.5687 6.9427 7.2248 7.3492 7.9587 11.861
1, 2, 3, 4, 5 5.2797 6.2327 7.023 7.4304 7.95 ⋆10.777 6.2301 6.6275 7.4045 7.9385 7.941 11.792
1, 3, 5, 7, 9 4.8567 6.4406 7.6266 8.3151 9.4525 ⋆10.708 5.6487 7.004 8.2661 8.61 9.7527 11.884
Free of Charges All free markets 6.4108 6.3616 6.0903 6.5019 6.6457 ⋆11.252 6.6626 7.3638 7.3049 7.1294 7.0114 11.835
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
Table A.21: Coefficient of convengence of ozip and rl-zip in CDA
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.3735 6.5209 6.5758 6.2937 6.3101 ⋆11.198 7.3613 7.0158 6.5797 7.2783 7.1884 11.994
All markets charge 10% 6.4391 6.28 6.3574 6.3955 6.6071 ⋆11.332 6.8234 6.9945 7.032 7.3632 7.1144 11.847
All markets charge 15% 6.3834 6.2275 6.158 6.6053 6.2958 ⋆11.193 7.1754 7.0286 7.0216 6.9211 6.9517 11.791
5%, 10%, 15%, 20%, 25% 6.3434 6.4478 6.1921 6.2457 6.5786 ⋆11.256 7.3477 7.2026 6.8151 7.5456 6.6897 11.935
10%, 20%, 30%, 40%, 50% 6.1031 6.2861 6.1803 6.6196 6.6996 ⋆11.327 6.6842 6.8412 6.9628 7.3832 7.3205 11.845
15%, 30%, 45%, 60%, 75% 6.2242 6.3745 6.0732 6.4494 6.6927 ⋆11.235 6.6385 6.7249 6.9778 7.0619 7.7231 11.915
Registration Fee
All markets chargeg 0.5 6.4085 6.3898 6.4028 6.156 6.7596 ⋆11.359 6.9809 6.9955 7.0209 7.0317 6.9667 12.013
All markets charge 1 6.3422 6.6627 6.3585 6.4571 6.3656 ⋆11.272 7.0903 7.0168 7.3913 6.7379 7.1408 11.867
All markets charge 2 6.6337 6.4007 6.4243 6.4136 6.0728 ⋆11.275 6.841 7.0201 7.4086 7.2253 6.9466 11.837
0.5, 1, 1.5, 2.0, 2.5 5.6601 6.3684 6.8903 6.8718 6.9902 ⋆10.921 6.5687 6.9427 7.2248 7.3492 7.9587 11.861
1, 2, 3, 4, 5 5.3028 6.3205 6.9444 7.6017 8.5902 ⋆10.917 6.2301 6.6275 7.4045 7.9385 7.941 11.792
1, 3, 5, 7, 9 4.8478 6.7093 7.4648 8.5049 10.447 ⋆10.677 5.6487 7.004 8.2661 8.61 9.7527 11.884
Free of Charges All free markets 6.2115 6.5103 6.468 6.3843 6.3001 ⋆11.296 6.6626 7.3638 7.3049 7.1294 7.0114 11.835
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
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Table A.22: Coefficient of convengence of zip and rl-zip in CH
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.9901 7.4279 7.5838 7.7797 7.8894 ⋆8.556 8.0527 7.8753 8.1199 8.0767 8.295 8.8792
All markets charge 10% 8.1579 7.9812 7.7827 7.9875 7.8505 ⋆8.76 8.1212 8.0347 8.3451 7.8611 8.0702 8.9841
All markets charge 15% 7.9616 7.5975 7.949 7.6125 7.9434 ⋆8.7162 7.8204 8.4597 8.0582 8.1718 7.8073 8.9164
5%, 10%, 15%, 20%, 25% 7.9548 7.5501 7.7602 7.5986 7.6253 ⋆8.5932 8.2081 8.1094 7.9811 8.3588 8.3621 8.9933
10%, 20%, 30%, 40%, 50% 8.301 7.8017 7.5001 7.4031 7.6622 ⋆8.5656 8.1336 7.8147 7.9207 7.7475 7.9766 8.9342
15%, 30%, 45%, 60%, 75% 8.1945 7.7526 7.5484 7.8418 8.0304 ⋆8.6372 8.2982 7.9563 7.7721 7.9188 8.338 8.8644
Registration Fee
All markets chargeg 0.5 7.8913 7.6667 7.9857 7.5819 8.055 ⋆8.5222 8.1083 8.4176 8.3745 7.8832 7.944 8.82
All markets charge 1 7.9505 7.9101 7.7668 7.9251 7.697 ⋆8.5813 8.2653 8.0277 8.0366 8.1233 8.2466 8.829
All markets charge 2 8.4687 7.7631 7.5877 7.6864 7.7601 ⋆8.6569 8.1925 8.1861 7.9714 8.189 7.8759 8.9
0.5, 1, 1.5, 2.0, 2.5 7.2151 8.1442 8.0413 8.9431 9.0823 ⋆8.2133 7.3495 8.4075 8.1833 8.6798 9.4738 8.5487
1, 2, 3, 4, 5 7.0523 7.8323 8.6256 8.9935 9.904 ⋆8.1392 7.1966 8.7303 8.9786 9.1181 9.4627 8.3559
1, 3, 5, 7, 9 6.2351 7.8831 9.5321 10.332 10.599 ⋆8.0144 6.4082 8.1828 9.2861 10.821 11.549 8.3359
Free of Charges All free markets 7.7841 7.9388 7.6816 7.6964 7.9392 ⋆8.5873 7.8105 8.0384 8.1724 8.062 8.2413 8.9196
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
Table A.23: Coefficient of convengence of azip and rl-zip in CH
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.5453 7.6719 7.6237 7.6021 7.5426 9.117 8.0527 7.8753 8.1199 8.0767 8.295 ⋆8.8792
All markets charge 10% 7.2777 7.9467 7.5764 7.623 7.5725 9.2608 8.1212 8.0347 8.3451 7.8611 8.0702 ⋆8.9841
All markets charge 15% 7.4434 7.6071 7.7804 7.2404 7.7046 9.3827 7.8204 8.4597 8.0582 8.1718 7.8073 ⋆8.9164
5%, 10%, 15%, 20%, 25% 7.8113 7.3728 7.523 7.1662 7.487 ⋆8.976 8.2081 8.1094 7.9811 8.3588 8.3621 8.9933
10%, 20%, 30%, 40%, 50% 7.5546 7.5577 7.3811 7.189 7.5033 8.9654 8.1336 7.8147 7.9207 7.7475 7.9766 8.9342
15%, 30%, 45%, 60%, 75% 7.4012 7.0812 7.2279 7.4784 8.0055 9.0191 8.2982 7.9563 7.7721 7.9188 8.338 ⭐8.8644
Registration Fee
All markets chargeg 0.5 7.6552 7.4115 7.609 7.6564 7.5653 8.8333 8.1083 8.4176 8.3745 7.8832 7.944 8.82
All markets charge 1 7.3855 7.6675 7.2021 7.8695 7.6882 8.9462 8.2653 8.0277 8.0366 8.1233 8.2466 ⭐8.829
All markets charge 2 7.741 7.5605 7.4541 7.4231 7.6962 9.0287 8.1925 8.1861 7.9714 8.189 7.8759 8.9
0.5, 1, 1.5, 2.0, 2.5 7.128 7.6964 8.3134 8.106 9.07 8.5894 7.3495 8.4075 8.1833 8.6798 9.4738 8.5487
1, 2, 3, 4, 5 6.6016 7.8294 8.5994 9.2935 9.559 8.4702 7.1966 8.7303 8.9786 9.1181 9.4627 8.3559
1, 3, 5, 7, 9 5.9734 8.0514 9.1181 9.3346 11.226 ⋆8.1443 6.4082 8.1828 9.2861 10.821 11.549 8.3359
Free of Charges All free markets 7.7845 7.4844 7.6535 7.653 7.5716 9.152 7.8105 8.0384 8.1724 8.062 8.2413 ⋆8.9196
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
Table A.24: Coefficient of convengence of ozip and rl-zip in CH
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.558 7.2293 7.5826 7.4889 7.364 9.0764 8.0527 7.8753 8.1199 8.0767 8.295 ⋆8.8792
All markets charge 10% 7.6111 7.6598 7.6115 7.8126 7.096 9.3445 8.1212 8.0347 8.3451 7.8611 8.0702 ⋆8.9841
All markets charge 15% 7.5147 7.5511 7.5814 7.5104 7.8271 9.4743 7.8204 8.4597 8.0582 8.1718 7.8073 ⋆8.9164
5%, 10%, 15%, 20%, 25% 7.6646 7.6422 7.6826 7.3114 7.5047 9.3067 8.2081 8.1094 7.9811 8.3588 8.3621 ⋆8.9933
10%, 20%, 30%, 40%, 50% 7.6995 7.6696 7.2135 7.6918 7.6977 9.263 8.1336 7.8147 7.9207 7.7475 7.9766 ⋆8.9342
15%, 30%, 45%, 60%, 75% 7.3144 7.4939 7.1828 7.3911 8.0889 9.1287 8.2982 7.9563 7.7721 7.9188 8.338 ⋆8.8644
Registration Fee
All markets chargeg 0.5 7.8446 7.5361 7.5271 7.4563 7.8693 9.186 8.1083 8.4176 8.3745 7.8832 7.944 ⋆8.82
All markets charge 1 7.7837 7.8816 7.6658 7.1402 7.4244 9.1792 8.2653 8.0277 8.0366 8.1233 8.2466 ⋆8.829
All markets charge 2 7.5397 7.5305 7.3127 7.6153 7.4795 8.9965 8.1925 8.1861 7.9714 8.189 7.8759 8.9
0.5, 1, 1.5, 2.0, 2.5 6.6781 8.2666 8.0954 8.5246 9.0526 8.7116 7.3495 8.4075 8.1833 8.6798 9.4738 ⋆8.5487
1, 2, 3, 4, 5 6.5237 7.6876 8.5759 8.525 9.9394 8.455 7.1966 8.7303 8.9786 9.1181 9.4627 8.3559
1, 3, 5, 7, 9 5.9641 8.1689 9.1174 10.134 10.973 ⋆8.1939 6.4082 8.1828 9.2861 10.821 11.549 8.3359
Free of Charges All free markets 7.4676 7.5228 7.6617 7.4521 7.5586 9.17 7.8105 8.0384 8.1724 8.062 8.2413 ⋆8.9196
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
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Table A.25: Last-10-day coefficient of convengence of zip and rl-zip in CDA
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.6617 7.1239 5.7792 6.5472 7.0633 ⋆10.485 7.4435 7.4244 6.521 7.3632 7.2793 11.498
All markets charge 10% 5.9568 5.9735 6.206 6.496 5.8336 ⋆10.516 5.9878 7.2048 7.1688 7.5334 7.9966 11.366
All markets charge 15% 6.2234 6.1805 5.9179 6.2736 6.2945 ⋆10.909 7.4821 6.9465 6.6319 7.0821 6.7124 11.473
5%, 10%, 15%, 20%, 25% 6.391 6.4152 6.0569 6.0766 6.26 ⋆10.14 8.067 6.8274 7.1233 7.4038 7.5854 12.123
10%, 20%, 30%, 40%, 50% 6.2324 6.5426 5.9835 5.5431 6.7452 ⋆10.151 5.8984 7.2329 7.0131 8.1722 8.2599 11.596
15%, 30%, 45%, 60%, 75% 6.3438 5.716 6.0043 6.9984 6.0205 ⋆10.727 7.1906 7.0627 6.8353 8.2475 9.4159 11.824
Registration Fee
All markets chargeg 0.5 6.507 5.9912 5.6876 5.7649 6.2316 ⋆10.391 6.828 6.4421 7.6529 7.6757 6.2018 11.954
All markets charge 1 6.908 6.2205 6.6882 5.6771 6.5347 ⋆10.935 6.4034 7.6772 6.9286 6.7292 7.0981 11.848
All markets charge 2 6.1859 6.6514 6.8952 6.5881 5.8348 ⋆10.988 7.4818 6.3499 6.6488 6.5285 6.9197 11.677
0.5, 1, 1.5, 2.0, 2.5 5.8119 5.8945 6.4025 7.4527 6.2038 ⋆10.06 6.3538 7.056 7.1159 8.8158 8.5292 11.548
1, 2, 3, 4, 5 5.483 6.6048 6.9149 7.4621 9.072 ⋆10.264 6.0848 6.2219 6.9519 7.4167 7.541 11.696
1, 3, 5, 7, 9 4.1409 6.3337 7.7541 9.1394 11.737 ⋆9.6439 5.9349 7.8897 8.674 9.7346 9.93 11.216
Free of Charges All free markets 6.1248 6.431 6.8146 6.3131 6.31 ⋆10.664 6.8359 7.6718 7.6233 7.1898 7.5624 11.308
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
Table A.26: Last-10-day coefficient of convengence of azip and rl-zip in CDA
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.9483 6.7072 6.1879 6.3376 6.3533 ⋆10.932 7.4435 7.4244 6.521 7.3632 7.2793 11.498
All markets charge 10% 5.8293 6.2063 6.5099 5.8051 6.2565 ⋆10.638 5.9878 7.2048 7.1688 7.5334 7.9966 11.366
All markets charge 15% 6.7136 7.0834 5.7019 6.1006 6.2756 ⋆10.958 7.4821 6.9465 6.6319 7.0821 6.7124 11.473
5%, 10%, 15%, 20%, 25% 6.3388 5.8131 6.4583 6.2006 6.5017 ⋆10.381 8.067 6.8274 7.1233 7.4038 7.5854 12.123
10%, 20%, 30%, 40%, 50% 6.1681 6.7645 6.5544 6.6412 6.4924 ⋆10.234 5.8984 7.2329 7.0131 8.1722 8.2599 11.596
15%, 30%, 45%, 60%, 75% 5.7245 6.8819 6.3907 6.1106 6.989 ⋆10.707 7.1906 7.0627 6.8353 8.2475 9.4159 11.824
Registration Fee
All markets chargeg 0.5 6.6614 5.7844 7.2026 6.4614 6.1716 ⋆10.883 6.828 6.4421 7.6529 7.6757 6.2018 11.954
All markets charge 1 5.9066 6.9589 6.3131 5.7631 6.1518 ⋆10.387 6.4034 7.6772 6.9286 6.7292 7.0981 11.848
All markets charge 2 5.9171 6.1697 5.7194 5.7275 6.7005 ⋆10.433 7.4818 6.3499 6.6488 6.5285 6.9197 11.677
0.5, 1, 1.5, 2.0, 2.5 5.5817 5.422 6.0083 6.7955 7.4493 ⋆10.325 6.3538 7.056 7.1159 8.8158 8.5292 11.548
1, 2, 3, 4, 5 5.4327 6.315 6.9835 6.1779 8.4496 ⋆10.822 6.0848 6.2219 6.9519 7.4167 7.541 11.696
1, 3, 5, 7, 9 5.0343 6.193 7.6541 8.5176 10.43 ⋆9.7089 5.9349 7.8897 8.674 9.7346 9.93 11.216
Free of Charges All free markets 6.6714 5.9894 6.2954 6.2393 6.2178 ⋆10.864 6.8359 7.6718 7.6233 7.1898 7.5624 11.308
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
Table A.27: Coefficient of convengence of ozip and rl-zip in CDA
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.0924 6.6405 5.9691 6.5111 5.9213 ⋆10.44 7.4435 7.4244 6.521 7.3632 7.2793 11.498
All markets charge 10% 6.3434 6.0139 6.2585 6.2558 7.2819 ⋆10.962 5.9878 7.2048 7.1688 7.5334 7.9966 11.366
All markets charge 15% 6.7958 6.3298 6.074 6.967 6.0075 ⋆10.896 7.4821 6.9465 6.6319 7.0821 6.7124 11.473
5%, 10%, 15%, 20%, 25% 5.9744 6.4935 5.7476 5.8073 6.397 ⋆10.763 8.067 6.8274 7.1233 7.4038 7.5854 12.123
10%, 20%, 30%, 40%, 50% 5.855 6.421 6.336 7.0432 6.7937 ⋆10.867 5.8984 7.2329 7.0131 8.1722 8.2599 11.596
15%, 30%, 45%, 60%, 75% 6.3929 5.8027 6.1331 6.3698 7.2199 ⋆10.999 7.1906 7.0627 6.8353 8.2475 9.4159 11.824
Registration Fee
All markets chargeg 0.5 6.3997 6.1386 6.5185 6.3165 6.3575 ⋆10.986 6.828 6.4421 7.6529 7.6757 6.2018 11.954
All markets charge 1 6.1356 6.6486 6.6981 6.8983 6.6939 ⋆10.916 6.4034 7.6772 6.9286 6.7292 7.0981 11.848
All markets charge 2 6.3097 6.0648 6.8354 6.2134 5.4494 ⋆10.712 7.4818 6.3499 6.6488 6.5285 6.9197 11.677
0.5, 1, 1.5, 2.0, 2.5 5.6415 6.1711 7.2734 7.3615 6.2885 ⋆9.723 6.3538 7.056 7.1159 8.8158 8.5292 11.548
1, 2, 3, 4, 5 5.3721 6.2498 6.4485 7.1215 10.224 ⋆10.512 6.0848 6.2219 6.9519 7.4167 7.541 11.696
1, 3, 5, 7, 9 4.5246 6.5237 6.6783 8.8938 11.759 ⋆9.2649 5.9349 7.8897 8.674 9.7346 9.93 11.216
Free of Charges All free markets 6.1367 6.3122 6.2806 6.3744 6.212 ⋆10.541 6.8359 7.6718 7.6233 7.1898 7.5624 11.308
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
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Table A.28: Last-10-day coefficient of convengence of zip and rl-zip in CH
ZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.895 6.7962 7.5511 7.3928 6.8513 ⋆7.7213 7.9028 7.0596 7.4891 8.0529 8.6854 8.3484
All markets charge 10% 7.1503 8.4369 7.1606 8.4318 7.4928 ⋆8.1352 7.8678 8.2243 7.9795 7.8741 7.4782 8.7682
All markets charge 15% 7.8564 7.4994 7.4388 7.1306 8.6949 ⋆8.2964 6.9899 8.1598 8.2234 6.8639 8.0547 8.5411
5%, 10%, 15%, 20%, 25% 8.1096 7.2464 7.7503 7.2411 7.4525 8.5935 7.7523 7.64 7.3792 7.4829 7.1786 ⭐8.1369
10%, 20%, 30%, 40%, 50% 7.3719 7.207 7.1552 7.9447 7.0297 ⋆7.7075 8.8783 7.9686 7.0039 7.3305 7.6258 8.176
15%, 30%, 45%, 60%, 75% 7.0521 7.0951 8.0787 8.2377 7.732 ⋆7.5962 7.2962 7.7356 7.1866 6.7005 8.45 8.342
Registration Fee
All markets chargeg 0.5 7.4074 7.3751 7.6947 6.9212 7.6966 ⭐7.811 6.7942 8.4329 8.0499 7.4662 8.1764 8.1627
All markets charge 1 7.7594 8.3058 7.812 7.2405 7.9618 ⭐8.2464 8.2123 7.9387 7.4257 8.0131 8.9623 8.3822
All markets charge 2 8.0521 6.6989 6.8775 7.4077 7.177 8.1479 8.4853 8.4326 7.4569 7.9375 7.9292 ⭐8.1169
0.5, 1, 1.5, 2.0, 2.5 7.2885 7.0198 7.4629 9.3799 8.3266 ⋆7.1534 6.4411 7.4244 7.3655 8.2458 8.6205 7.7598
1, 2, 3, 4, 5 6.7385 7.4992 7.7772 9.5983 9.2317 ⋆7.3988 6.7258 7.7253 8.038 9.4923 8.6176 8.0038
1, 3, 5, 7, 9 6.0425 7.4574 8.0516 10.361 10.256 ⋆7.1549 6.1566 7.2686 8.4582 10.097 11.534 7.5645
Free of Charges All free markets 7.3183 7.5656 7.7657 6.9705 8.3225 ⋆7.8308 7.6205 6.9885 8.0085 7.3507 7.9851 8.3006
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
Table A.29: Last-10-day coefficient of convengence of azip and rl-zip in CH
AZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.7614 7.1515 7.0569 7.5339 6.878 ⭐8.2183 7.9028 7.0596 7.4891 8.0529 8.6854 8.3484
All markets charge 10% 7.064 8.241 6.8735 7.4127 7.1696 8.9441 7.8678 8.2243 7.9795 7.8741 7.4782 ⭐8.7682
All markets charge 15% 7.6811 7.8511 7.6824 7.2455 7.3498 8.8949 6.9899 8.1598 8.2234 6.8639 8.0547 ⭐8.5411
5%, 10%, 15%, 20%, 25% 6.8711 7.9107 7.8071 6.7018 7.1168 8.3919 7.7523 7.64 7.3792 7.4829 7.1786 ⭐8.1369
10%, 20%, 30%, 40%, 50% 6.7804 7.3069 6.8023 6.8099 9.5987 8.4313 8.8783 7.9686 7.0039 7.3305 7.6258 ⭐8.176
15%, 30%, 45%, 60%, 75% 6.6883 6.5913 6.4888 7.8096 8.4501 ⋆7.7916 7.2962 7.7356 7.1866 6.7005 8.45 8.342
Registration Fee
All markets chargeg 0.5 7.5743 6.9594 7.9925 6.9481 7.7544 ⭐8.0728 6.7942 8.4329 8.0499 7.4662 8.1764 8.1627
All markets charge 1 7.7616 7.0403 7.4325 7.2992 7.0264 8.4252 8.2123 7.9387 7.4257 8.0131 8.9623 ⭐8.3822
All markets charge 2 7.2786 7.0318 7.4054 7.7021 7.0886 8.2212 8.4853 8.4326 7.4569 7.9375 7.9292 ⭐8.1169
0.5, 1, 1.5, 2.0, 2.5 6.5807 8.3687 7.2968 8.3262 8.1481 7.8792 6.4411 7.4244 7.3655 8.2458 8.6205 ⭐7.7598
1, 2, 3, 4, 5 6.7571 7.0449 7.826 9.7699 8.4455 ⋆7.6583 6.7258 7.7253 8.038 9.4923 8.6176 8.0038
1, 3, 5, 7, 9 5.4788 6.8882 9.5146 11.062 9.9728 ⋆7.1155 6.1566 7.2686 8.4582 10.097 11.534 7.5645
Free of Charges All free markets 7.9004 7.3686 7.57 7.7712 6.8592 8.3491 7.6205 6.9885 8.0085 7.3507 7.9851 ⭐8.3006
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
Table A.30: Last-10-day coefficient of convengence of ozip and rl-zip in CH
OZIP RL-ZIP
Charges M0 - M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 8.0646 7.5981 6.4574 6.4791 7.4896 8.5572 7.9028 7.0596 7.4891 8.0529 8.6854 ⋆8.3484
All markets charge 10% 7.1371 7.9409 7.366 7.2611 7.0973 ⋆8.6133 7.8678 8.2243 7.9795 7.8741 7.4782 8.7682
All markets charge 15% 7.1933 7.2204 7.4771 7.7686 6.4731 8.6411 6.9899 8.1598 8.2234 6.8639 8.0547 ⋆8.5411
5%, 10%, 15%, 20%, 25% 7.8756 6.9935 6.7789 7.3164 7.1317 8.5761 7.7523 7.64 7.3792 7.4829 7.1786 ⋆8.1369
10%, 20%, 30%, 40%, 50% 7.5326 6.6562 6.694 7.7361 7.0112 8.4774 8.8783 7.9686 7.0039 7.3305 7.6258 ⋆8.176
15%, 30%, 45%, 60%, 75% 6.4542 7.1538 6.6614 6.9022 9.6006 ⋆8.2181 7.2962 7.7356 7.1866 6.7005 8.45 8.342
Registration Fee
All markets chargeg 0.5 7.5378 7.1403 7.5722 6.8168 7.9266 8.2062 6.7942 8.4329 8.0499 7.4662 8.1764 ⋆8.1627
All markets charge 1 7.4144 6.8541 7.0758 6.9146 7.346 8.1208 8.2123 7.9387 7.4257 8.0131 8.9623 8.3822
All markets charge 2 6.9518 7.345 6.7628 7.5976 7.0593 ⋆8.0648 8.4853 8.4326 7.4569 7.9375 7.9292 8.1169
0.5, 1, 1.5, 2.0, 2.5 6.7044 7.7505 7.9478 8.1922 9.2959 ⋆7.7074 6.4411 7.4244 7.3655 8.2458 8.6205 7.7598
1, 2, 3, 4, 5 5.9388 7.234 7.8865 8.8962 9.5553 ⋆7.8404 6.7258 7.7253 8.038 9.4923 8.6176 8.0038
1, 3, 5, 7, 9 5.5585 7.4534 9.8429 12.024 12.336 ⋆6.9186 6.1566 7.2686 8.4582 10.097 11.534 7.5645
Free of Charges All free markets 6.84 7.2832 7.2874 7.7347 7.4892 ⋆8.0169 7.6205 6.9885 8.0085 7.3507 7.9851 8.3006
Numbers in bold indicate the best (lowest) of the global coefficient of convergence values in a given row. Numbers with a ⋆ next to them indicate comparisons
that are significant at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the
95% level for only pair-wise test.
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Table A.31: Distribution efficiency comparison at day 400 (last trading day). All free markets.
ZIP AZIP OZIP RL-ZIP
CDA 0.974 0.9746 0.9725 0.9755
CH 0.9781 0.9704 0.969 0.9755
A.1.3 Trader distribution
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Figure A.13: Supply-demand curve of each market in day 400. All free CDA markets. All traders
use zip strategy.

































































Figure A.14: Supply-demand curve of each market in day 400. All free CDA markets. All traders
use azip strategy.

































































Figure A.15: Supply-demand curve of each market in day 400. All free CDA markets. All traders
use ozip strategy.

































































Figure A.16: Supply-demand curve of each market in day 400. All free CDA markets. All traders
use rl-zip strategy.
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Figure A.17: Supply-demand curve of each market in day 400. All free CH markets. All traders
use zip strategy.

































































Figure A.18: Supply-demand curve of each market in day 400. All free CH markets. All traders
use azip strategy.

































































Figure A.19: Supply-demand curve of each market in day 400. All free CH markets. All traders
use ozip strategy.

































































Figure A.20: Supply-demand curve of each market in day 400. All free CH markets. All traders
use rl-zip strategy.
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Table A.32: Speed of learning comparison for CDA markets
Type of Fees Charges M0 - M4
Day of Convergence
ZIP AZIP OZIP RL-ZIP
Profit
All markets charge 5% 92 36 36 28
All markets charge 10% 24 136 8 20
All markets charge 15% 56 56 24 20
5%, 10%, 15%, 20%, 25% 28 48 24 12
10%, 20%, 30%, 40%, 50% 20 36 52 60
15%, 30%, 45%, 60%, 75% 40 16 8 88
Registration
All markets charge 0.5 16 32 8 24
All markets charge 1 28 32 8 80
All markets charge 2 24 8 40 16
0.5, 1, 1.5, 2.0, 2.5 40 8 28 144
1, 2, 3, 4, 5 20 64 40 32
1, 3, 5, 7, 9 24 12 8 32
Table A.33: Speed of learning comparison for CH markets
Type of Fees Charges M0 - M4
Day of Convergence
ZIP AZIP OZIP RL-ZIP
Profit
All markets charge 5% 24 20 32 8
All markets charge 10% 28 8 8 12
All markets charge 15% 16 32 8 16
5%, 10%, 15%, 20%, 25% 24 16 8 40
10%, 20%, 30%, 40%, 50% 20 16 8 8
15%, 30%, 45%, 60%, 75% 52 20 8 8
Registration
All markets charge 0.5 16 8 8 24
All markets charge 1 16 8 12 12
All markets charge 2 12 8 8 8
0.5, 1, 1.5, 2.0, 2.5 16 8 8 8
1, 2, 3, 4, 5 12 8 20 12
1, 3, 5, 7, 9 16 20 28 36
A.1.4 Speed of learning
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A.2 Experiment Set II - Comparison between different transfer
learning strategies
A.2.1 Allocative efficiency
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(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure A.21: Transfer learning with local information VS transfer learning with global informa-
tion. The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges
M0 through M4: 5%, 10%, 15%, 20%, 25% profit fees. In each plot, the solid line indicates transfer
learning with global information (ozip), while dotted line indicates transfer learning with local
information (zip, azip).








(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure A.22: Transfer learning with local information VS transfer learning with global informa-
tion. The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0
through M4: 10%, 20%, 30%, 40%, 40% profit fees. In each plot, the solid line indicates transfer
learning with global information (ozip), while dotted line indicates transfer learning with local
information (zip, azip).








(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure A.23: Transfer learning with local information VS transfer learning with global informa-
tion. The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0
through M4: 15%, 30%, 45%, 60%, 75% profit fees. In each plot, the solid line indicates transfer
learning with global information (ozip), while dotted line indicates transfer learning with local
information (zip, azip).
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(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure A.24: Transfer learning with local information VS transfer learning with global informa-
tion. The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0
through M4: 0.5, 1.0, 1.5, 2.0, 2.5 registration fees. In each plot, the solid line indicates transfer
learning with global information (ozip), while dotted line indicates transfer learning with local
information (zip, azip).








(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure A.25: Transfer learning with local information VS transfer learning with global informa-
tion. The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0
through M4: 1.0, 2.0, 3.0, 4.0, 5.0 registration fees. In each plot, the solid line indicates transfer
learning with global information (ozip), while dotted line indicates transfer learning with local
information (zip, azip).








(a) ZIP VS OZIP








(b) AZIP VS OZIP
Figure A.26: Transfer learning with local information VS transfer learning with global informa-
tion. The x-axis gives the trading day, and the y-axis gives the global efficiency. Market charges M0
through M4: 1.0, 3.0, 5.0, 7.0, 9.0 registration fees. In each plot, the solid line indicates transfer
learning with global information (ozip), while dotted line indicates transfer learning with local
information (zip, azip).
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Table A.34: Allocative efficiencies of azip and ozip in CDA
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 89.84 88.785 91.987 91.373 ◦92.742 ⭐92.007 90.225 90.429 89.948 92.621 92.061 91.941
All markets charge 10% 90.704 91.432 91.124 ◦92.702 90.734 91.976 92.308 92.286 89.389 92.199 90.811 91.96
All markets charge 15% 91.444 91.238 92.199 89.249 91.715 91.877 91.081 92.889 ◦93.124 89.749 89.617 91.994
5%, 10%, 15%, 20%, 25% 92.904 89.704 89.682 93.041 90.705 91.93 90.978 90.696 91.897 ◦93.315 89.843 91.995
10%, 20%, 30%, 40%, 50% 92.351 ◦93.846 92.409 88.128 89.302 91.876 93.705 91.582 92.658 89.956 89.826 91.905
15%, 30%, 45%, 60%, 75% ◦92.799 92.737 89.918 89.676 88.713 91.898 92.322 92.127 91.944 90.563 89.023 ⭐92.024
Registration Fee
All markets chargeg 0.5 90.047 92.151 93.185 91.844 91.93 ⭐91.987 90.869 91.85 ◦93.358 93.263 88.657 91.923
All markets charge 1 91.209 91.591 ◦92.714 91.766 90.116 91.959 91.826 90.947 90.979 91.218 91.297 91.943
All markets charge 2 91.123 88.297 89.328 92.123 90.833 ⋆92.04 89.133 91.115 90.571 91.837 ◦93.213 91.919
0.5, 1, 1.5, 2.0, 2.5 92.107 90.972 92.698 92.426 89.147 92.007 ◦94.281 91.729 88.54 92.067 91.906 92.033
1, 2, 3, 4, 5 93.056 92.759 92.152 88.534 89.255 91.866 ◦95.64 94.084 91.112 88.618 86.069 91.894
1, 3, 5, 7, 9 95.76 93.281 90.28 89.012 83.058 ⋆91.671 ◦96.125 90.636 90.624 88.059 81.313 91.565
Free of Charges All free markets 90.349 92.436 ◦92.905 90.239 91.908 91.833 90.824 92.245 89.1 91.652 91.422 91.879
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level for
both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers in italics and with
a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
Table A.35: Allocative efficiencies of zip and ozip in CDA
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% ◦93.016 92.286 91.947 92.061 87.341 91.912 90.225 90.429 89.948 92.621 92.061 91.941
All markets charge 10% ◦92.748 92.321 91.067 91.268 90.411 91.856 92.308 92.286 89.389 92.199 90.811 91.96
All markets charge 15% 89.855 92.356 89.753 91.305 91.267 91.784 91.081 92.889 ◦93.124 89.749 89.617 ⭐91.994
5%, 10%, 15%, 20%, 25% 90.297 92.609 90.786 91.291 91.48 91.891 90.978 90.696 91.897 ◦93.315 89.843 91.995
10%, 20%, 30%, 40%, 50% 93.163 89.859 91.813 89.623 89.199 91.846 ◦93.705 91.582 92.658 89.956 89.826 91.905
15%, 30%, 45%, 60%, 75% ◦93.016 92.778 89.301 90.867 90.574 91.874 92.322 92.127 91.944 90.563 89.023 92.024
Registration Fee
All markets chargeg 0.5 91.167 90.159 ◦93.569 93.294 89.413 91.819 90.869 91.85 93.358 93.263 88.657 91.923
All markets charge 1 ◦93.37 91.117 87.16 92.904 92.448 91.938 91.826 90.947 90.979 91.218 91.297 91.943
All markets charge 2 91.79 90.75 92.149 92.346 89.587 91.848 89.133 91.115 90.571 91.837 ◦93.213 91.919
0.5, 1, 1.5, 2.0, 2.5 92.375 91.944 90.705 90.336 91.728 91.94 ◦94.281 91.729 88.54 92.067 91.906 92.033
1, 2, 3, 4, 5 94.173 92.159 92.598 85.66 89.56 91.828 ◦95.64 94.084 91.112 88.618 86.069 91.894
1, 3, 5, 7, 9 95.624 93.46 91.131 89.57 83.277 91.467 ◦96.125 90.636 90.624 88.059 81.313 91.565
Free of Charges All free markets 90.829 90.885 90.952 ◦92.798 89.371 91.797 90.824 92.245 89.1 91.652 91.422 91.879
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95%
level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers in
italics and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
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Table A.36: Allocative efficiencies of azip and ozip in CH
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 96.657 94.718 95.415 95.766 96.978 95.195 ◦97.445 96.375 95.372 95.45 97.383 ⋆95.403
All markets charge 10% 96.58 96.81 97.604 96.563 97.613 ⋆95.331 95.995 97.816 ◦98.119 95.448 95.099 95.283
All markets charge 15% 96.96 97.402 ◦97.884 97.268 96.527 ⋆95.329 96.77 96.547 97.543 97.642 97.156 95.278
5%, 10%, 15%, 20%, 25% 98.656 97.113 97.789 96.291 88.644 95.284 ◦98.91 96.484 97.04 96.258 94.722 95.246
10%, 20%, 30%, 40%, 50% ◦99.136 98.313 96.027 95.118 86.611 ⋆95.175 98.572 97.615 97.456 91.441 87.975 94.951
15%, 30%, 45%, 60%, 75% 99.346 98.884 96.998 88.161 81.565 94.839 ◦99.349 99.047 96.447 88.902 82.604 94.856
Registration Fee
All markets chargeg 0.5 91.908 94.971 97.437 95.967 94.172 ⭐95.234 94.004 96.228 94.041 96.302 ◦96.515 95.153
All markets charge 1 95.546 95.078 95.734 92.993 ◦96.844 ⋆95.249 94.519 95.39 92.886 97.149 96.263 95.163
All markets charge 2 96.322 93.854 96.27 96.705 94.886 95.172 93.484 95.056 95.877 ◦97.2 94.719 ⋆95.284
0.5, 1, 1.5, 2.0, 2.5 96.174 96.185 95.42 94.385 92.397 ⋆95.048 94.87 ◦97.188 94.628 95.93 93.047 94.917
1, 2, 3, 4, 5 ◦98.583 95.675 95.776 93.493 92.054 94.836 96.25 96.851 94.756 94.357 92.614 ⋆94.914
1, 3, 5, 7, 9 98.527 97.08 97.019 91.722 86.289 94.765 ◦99.4 95.698 95.694 93.533 86.573 94.737
Free of Charges All free markets 96.806 93.974 ◦97.684 96.743 94.886 ⋆95.181 95.517 94.541 96.422 93.352 95.86 95.128
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level
for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers in italics
and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
Table A.37: Allocative efficiencies of zip and ozip in CH
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 95.621 96.161 94.004 94.726 96.39 ⭐95.451 ◦97.445 96.375 95.372 95.45 97.383 95.403
All markets charge 10% 97.35 96.486 95.916 95.629 95.777 ⋆95.374 95.995 97.816 ◦98.119 95.448 95.099 95.283
All markets charge 15% 96.315 96.85 ◦97.826 97.638 97.71 ⋆95.609 96.77 96.547 97.543 97.642 97.156 95.278
5%, 10%, 15%, 20%, 25% 98.391 98.838 96.375 94.733 90.764 ⋆95.463 ◦98.91 96.484 97.04 96.258 94.722 95.246
10%, 20%, 30%, 40%, 50% ◦99.235 98.813 96.77 90.506 80.916 ⋆95.097 98.572 97.615 97.456 91.441 87.975 94.951
15%, 30%, 45%, 60%, 75% ◦99.466 99.007 95.279 85.449 78.387 94.791 99.349 99.047 96.447 88.902 82.604 ⭐94.856
Registration Fee
All markets chargeg 0.5 94.359 93.262 ◦98.101 95.552 96.81 ⋆95.447 94.004 96.228 94.041 96.302 96.515 95.153
All markets charge 1 95.987 96.414 95.92 96.34 94.972 ⋆95.477 94.519 95.39 92.886 ◦97.149 96.263 95.163
All markets charge 2 94.596 94.502 ◦96.018 94.253 95.761 95.267 93.484 95.056 95.877 97.2 94.719 95.284
0.5, 1, 1.5, 2.0, 2.5 96.737 95.544 96.046 94.584 94.336 ⋆95.196 94.87 ◦97.188 94.628 95.93 93.047 94.917
1, 2, 3, 4, 5 ◦97.69 95.657 95.479 94.495 91.521 ⋆95.073 96.25 96.851 94.756 94.357 92.614 94.914
1, 3, 5, 7, 9 98.103 96.705 94.64 89.906 89.161 ⭐94.805 ◦99.4 95.698 95.694 93.533 86.573 94.737
Free of Charges All free markets 95.928 96.086 ◦96.293 93.58 95.954 ⋆95.423 95.517 94.541 96.422 93.352 95.86 95.128
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at the 95% level
for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise test. Numbers in italics
and with a ◦ next to them indicate that they are the highest invididual market efficiency of each comparison.
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Table A.38: Last-10-day allocative efficiencies of azip and ozip in CDA
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 86.473 82.246 90.5 88.849 93.108 92.179 86.693 89.13 86.405 92.224 89.749 ⋆92.622
All markets charge 10% 90.355 88.291 90.821 89.855 90.466 ⋆92.829 90.552 90.627 85.471 87.83 89.135 92.341
All markets charge 15% 88.125 87.377 90.471 85.467 89.084 91.826 88.986 90.567 91.603 86.26 86.142 91.844
5%, 10%, 15%, 20%, 25% 92.254 89.262 88.497 91.989 87.729 92.052 88.516 87.302 89.777 92.076 85.337 92.445
10%, 20%, 30%, 40%, 50% 90.948 91.818 89.019 83.989 86.694 92.115 93.358 91.138 89.369 87.242 88.839 92.182
15%, 30%, 45%, 60%, 75% 91.445 91.01 85.308 88.515 86.46 92.393 87.915 90.605 89.704 88.519 84.602 92.111
Registration Fee
All markets chargeg 0.5 85.82 92.239 91.837 91.215 89.011 92.175 90.195 89.948 91.272 93.22 87.654 92.262
All markets charge 1 86.967 87.99 91.219 92.373 88.096 ⋆92.41 87.152 88.395 90.877 88.384 90.549 92.255
All markets charge 2 90.815 84.169 88.166 90.993 89.29 ⋆92.594 87.575 88.463 88.587 91.006 92.597 92.043
0.5, 1, 1.5, 2.0, 2.5 90.657 91.504 93.769 93.291 85.992 93.028 93.888 90.237 86.892 90.978 88.54 92.704
1, 2, 3, 4, 5 93.456 92 88.166 81.711 83.887 91.696 96.161 92.602 90.116 85.002 78.544 92.141
1, 3, 5, 7, 9 97.11 91.043 87.754 83.858 73.542 92.178 96.707 88.465 86.462 80.416 72.786 92.03
Free of Charges All free markets 88.895 92.879 92.29 85.382 89.342 92.475 86.712 91.823 85.658 87.977 90.139 92.725
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at
the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise
test.
Table A.39: Last-10-day allocative efficiencies of zip and ozip in CDA
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 91.893 90.925 89.563 90.142 81.329 92.415 86.693 89.13 86.405 92.224 89.749 92.622
All markets charge 10% 92.319 90.793 88.411 88.967 86.844 92.631 90.552 90.627 85.471 87.83 89.135 92.341
All markets charge 15% 88.379 91.801 87.573 88.895 90.566 ⭐92.216 88.986 90.567 91.603 86.26 86.142 91.844
5%, 10%, 15%, 20%, 25% 91.206 91.109 88.485 89.439 88.409 ⋆92.988 88.516 87.302 89.777 92.076 85.337 92.445
10%, 20%, 30%, 40%, 50% 91.986 86.754 89.518 89.718 86.416 92.373 93.358 91.138 89.369 87.242 88.839 92.182
15%, 30%, 45%, 60%, 75% 92.047 93.255 85.52 88.754 88.794 92.614 87.915 90.605 89.704 88.519 84.602 92.111
Registration Fee
All markets chargeg 0.5 88.574 86.307 91.897 90.19 87.524 92.176 90.195 89.948 91.272 93.22 87.654 92.262
All markets charge 1 93.343 89.702 84.189 92.796 91.772 ⭐92.432 87.152 88.395 90.877 88.384 90.549 92.255
All markets charge 2 88.501 86.759 90.305 89.738 88.322 91.941 87.575 88.463 88.587 91.006 92.597 92.043
0.5, 1, 1.5, 2.0, 2.5 92.431 90.158 86.087 86.18 93.105 92.497 93.888 90.237 86.892 90.978 88.54 92.704
1, 2, 3, 4, 5 92.315 91.008 91.716 80.265 91.018 92.199 96.161 92.602 90.116 85.002 78.544 92.141
1, 3, 5, 7, 9 95.751 93.353 87.316 82.006 70.287 91.7 96.707 88.465 86.462 80.416 72.786 92.03
Free of Charges All free markets 89.555 90.054 91.245 91.637 88.489 92.198 86.712 91.823 85.658 87.977 90.139 92.725
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at
the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise
test.
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Table A.40: Last-10-day allocative efficiencies of azip and ozip in CH
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 94.608 93.367 93.73 92.569 96.724 95.62 95.351 95.78 96.056 94.969 97.272 95.805
All markets charge 10% 97.602 96.425 96.386 97.005 96.776 95.596 95.316 95.592 98.633 91.401 94.353 95.798
All markets charge 15% 96.113 95.441 97.281 95.666 93.878 95.619 94.155 97.686 96.38 97.564 95.743 ⋆95.976
5%, 10%, 15%, 20%, 25% 98.702 96.537 95.773 93.336 80.287 95.296 99.285 94.732 97.194 94.498 90.357 ⋆95.556
10%, 20%, 30%, 40%, 50% 99.505 98.735 93.185 89.383 68.636 95.057 98.629 97.892 96.252 82.454 73.797 94.883
15%, 30%, 45%, 60%, 75% 99.635 99.258 92.985 71.28 60.467 ⋆94.793 99.649 99.001 94.567 70.067 59.274 94.169
Registration Fee
All markets chargeg 0.5 86.927 94.225 96.325 93.237 90.769 95.54 92.889 95.175 90.605 96.864 96.562 95.507
All markets charge 1 92.429 94.269 94.735 89.169 93.731 95.479 91.533 94.645 92.277 95.856 94.234 95.509
All markets charge 2 92.027 89.544 93.87 94.046 93.935 95.346 94.274 95.941 94.422 94.678 92.42 ⋆95.673
0.5, 1, 1.5, 2.0, 2.5 94.668 95.778 95.348 91.411 87.277 95.404 91.723 96.848 90.295 94.158 92.878 95.29
1, 2, 3, 4, 5 99.422 95.549 91.675 87.675 87.133 95.151 96.356 94.415 93.535 92.817 89.163 95.331
1, 3, 5, 7, 9 99.148 94.012 93.948 86.681 80.461 ⋆95.009 99.693 96.261 91.111 86.667 77.973 94.624
Free of Charges All free markets 96.694 91.57 97.406 94.973 91.477 95.725 95.73 87.367 93.812 92.203 94.027 95.568
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at
the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise
test.
Table A.41: Last-10-day allocative efficiencies of zip and ozip in CH
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 92.943 96.065 91.791 94.898 94.16 95.91 95.351 95.78 96.056 94.969 97.272 95.805
All markets charge 10% 97.111 95.439 95.198 95.033 93.347 96.008 95.316 95.592 98.633 91.401 94.353 95.798
All markets charge 15% 95.834 95.36 97.465 98.045 98.064 95.984 94.155 97.686 96.38 97.564 95.743 95.976
5%, 10%, 15%, 20%, 25% 98.801 99.112 94.453 88.171 84.417 95.249 99.285 94.732 97.194 94.498 90.357 ⭐95.556
10%, 20%, 30%, 40%, 50% 99.627 98.619 92.432 81.375 65.533 ⋆95.423 98.629 97.892 96.252 82.454 73.797 94.883
15%, 30%, 45%, 60%, 75% 99.679 99.035 89.416 72.828 59.585 ⋆94.907 99.649 99.001 94.567 70.067 59.274 94.169
Registration Fee
All markets chargeg 0.5 92.434 90.833 96.999 92.662 96.956 ⋆95.92 92.889 95.175 90.605 96.864 96.562 95.507
All markets charge 1 93.572 94.979 92.941 94.683 93.353 95.388 91.533 94.645 92.277 95.856 94.234 95.509
All markets charge 2 90.909 88.064 94.195 95.279 92.16 95.379 94.274 95.941 94.422 94.678 92.42 ⭐95.673
0.5, 1, 1.5, 2.0, 2.5 95.226 94.176 95.506 89.945 92.107 ⋆95.904 91.723 96.848 90.295 94.158 92.878 95.29
1, 2, 3, 4, 5 95.686 93.751 93.483 88.951 89.372 95.507 96.356 94.415 93.535 92.817 89.163 95.331
1, 3, 5, 7, 9 97.462 96.715 93.423 80.737 79.869 94.841 99.693 96.261 91.111 86.667 77.973 94.624
Free of Charges All free markets 93.431 93.421 95.77 90.597 94.551 ⋆96.026 95.73 87.367 93.812 92.203 94.027 95.568
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at
the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise
test.
Appendix A. Results of Chapter 4 242
A.2.2 Coefficient of convergence
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(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure A.27: Transfer learning with local information VS transfer learning with global informa-
tion. Market charges M0 through M4: 5%, 10%, 15%, 20%, 25% profit fees. In each plot, the solid
line indicates transfer learning with global information (ozip), while dotted line indicates transfer
learning with local information (zip, azip).






(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure A.28: Transfer learning with local information VS transfer learning with global informa-
tion. The x-axis gives the trading day, and the y-axis gives the global coefficient of convergence.
Market charges M0 through M4: 10%, 20%, 30%, 40%, 40% profit fees. In each plot, the solid
line indicates transfer learning with global information (ozip), while dotted line indicates transfer
learning with local information (zip, azip).






(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure A.29: Transfer learning with local information VS transfer learning with global informa-
tion. The x-axis gives the trading day, and the y-axis gives the global coefficient of convergence.
Market charges M0 through M4: 15%, 30%, 45%, 60%, 75% profit fees. In each plot, the solid
line indicates transfer learning with global information (ozip), while dotted line indicates transfer
learning with local information (zip, azip).
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(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure A.30: Transfer learning with local information VS transfer learning with global informa-
tion. The x-axis gives the trading day, and the y-axis gives the global coefficient of convergence.
Market charges M0 through M4: 0.5, 1.0, 1.5, 2.0, 2.5 registration fees. In each plot, the solid
line indicates transfer learning with global information (ozip), while dotted line indicates transfer
learning with local information (zip, azip).






(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure A.31: Transfer learning with local information VS transfer learning with global informa-
tion. The x-axis gives the trading day, and the y-axis gives the global coefficient of convergence.
Market charges M0 through M4: 1.0, 2.0, 3.0, 4.0, 5.0 registration fees. In each plot, the solid
line indicates transfer learning with global information (ozip), while dotted line indicates transfer
learning with local information (zip, azip).






(a) ZIP VS OZIP






(b) AZIP VS OZIP
Figure A.32: Transfer learning with local information VS transfer learning with global informa-
tion. The x-axis gives the trading day, and the y-axis gives the global coefficient of convergence.
Market charges M0 through M4: 1.0, 3.0, 5.0, 7.0, 9.0 registration fees. In each plot, the solid
line indicates transfer learning with global information (ozip), while dotted line indicates transfer
learning with local information (zip, azip).
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Table A.42: Coefficient of convengence of azip and ozip in CDA
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.4005 6.5241 6.3703 6.0986 6.3054 ⋆10.994 6.3735 6.5209 6.5758 6.2937 6.3101 11.198
All markets charge 10% 6.1668 6.4469 6.3016 6.1307 6.3379 ⋆11.153 6.4391 6.28 6.3574 6.3955 6.6071 11.332
All markets charge 15% 6.0874 6.5394 6.1955 6.5102 6.3617 11.181 6.3834 6.2275 6.158 6.6053 6.2958 11.193
5%, 10%, 15%, 20%, 25% 6.1172 6.3414 6.2972 6.3021 6.437 11.217 6.3434 6.4478 6.1921 6.2457 6.5786 11.256
10%, 20%, 30%, 40%, 50% 6.3157 6.0153 6.3214 6.6252 6.5288 ⋆11.188 6.1031 6.2861 6.1803 6.6196 6.6996 11.327
15%, 30%, 45%, 60%, 75% 5.8817 6.2182 6.4134 6.3474 6.8832 11.185 6.2242 6.3745 6.0732 6.4494 6.6927 11.235
Registration Fee
All markets chargeg 0.5 6.3199 6.1596 6.2541 6.6374 6.2191 ⋆11.14 6.4085 6.3898 6.4028 6.156 6.7596 11.359
All markets charge 1 6.1783 6.5109 6.3242 6.4305 6.1328 ⋆11.19 6.3422 6.6627 6.3585 6.4571 6.3656 11.272
All markets charge 2 6.243 6.5664 6.4121 6.2392 6.4394 ⋆11.026 6.6337 6.4007 6.4243 6.4136 6.0728 11.275
0.5, 1, 1.5, 2.0, 2.5 5.7441 6.1525 6.3783 6.8682 7.3543 10.95 5.6601 6.3684 6.8903 6.8718 6.9902 10.921
1, 2, 3, 4, 5 5.2797 6.2327 7.023 7.4304 7.95 ⋆10.777 5.3028 6.3205 6.9444 7.6017 8.5902 10.917
1, 3, 5, 7, 9 4.8567 6.4406 7.6266 8.3151 9.4525 10.708 4.8478 6.7093 7.4648 8.5049 10.447 10.677
Free of Charges All free markets 6.4108 6.3616 6.0903 6.5019 6.6457 11.252 6.2115 6.5103 6.468 6.3843 6.3001 11.296
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant
at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only
pair-wise test.
Table A.43: Coefficient of convengence of zip and ozip in CDA
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.2999 6.3211 6.1914 6.3865 6.6193 11.148 6.3735 6.5209 6.5758 6.2937 6.3101 11.198
All markets charge 10% 6.3353 6.2041 6.346 6.4015 6.5972 ⋆11.157 6.4391 6.28 6.3574 6.3955 6.6071 11.332
All markets charge 15% 6.5751 6.3912 6.3088 6.1577 6.3673 11.214 6.3834 6.2275 6.158 6.6053 6.2958 11.193
5%, 10%, 15%, 20%, 25% 6.3709 6.3113 6.3459 6.3339 6.4772 ⋆11.131 6.3434 6.4478 6.1921 6.2457 6.5786 11.256
10%, 20%, 30%, 40%, 50% 6.2175 6.2646 6.3131 6.4635 6.572 ⋆11.054 6.1031 6.2861 6.1803 6.6196 6.6996 11.327
15%, 30%, 45%, 60%, 75% 6.3052 6.1634 6.3271 6.2521 6.341 ⋆11.072 6.2242 6.3745 6.0732 6.4494 6.6927 11.235
Registration Fee
All markets chargeg 0.5 6.3889 6.7057 6.0596 6.3584 6.4354 ⋆11.136 6.4085 6.3898 6.4028 6.156 6.7596 11.359
All markets charge 1 6.3106 6.5031 6.5487 6.1765 6.3647 ⋆11.093 6.3422 6.6627 6.3585 6.4571 6.3656 11.272
All markets charge 2 6.4366 6.4125 6.3759 6.2424 6.4769 ⋆11.094 6.6337 6.4007 6.4243 6.4136 6.0728 11.275
0.5, 1, 1.5, 2.0, 2.5 5.7717 6.1738 6.8094 7.2107 6.6743 ⋆10.831 5.6601 6.3684 6.8903 6.8718 6.9902 10.921
1, 2, 3, 4, 5 5.4418 6.1775 6.9588 7.903 7.9535 ⋆10.734 5.3028 6.3205 6.9444 7.6017 8.5902 10.917
1, 3, 5, 7, 9 4.9455 6.4362 7.4113 8.5955 10.018 10.909 4.8478 6.7093 7.4648 8.5049 10.447 ⋆10.677
Free of Charges All free markets 6.4291 6.2195 6.5497 6.2873 6.4561 11.207 6.2115 6.5103 6.468 6.3843 6.3001 11.296
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at
the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise
test.
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Table A.44: Coefficient of convengence of azip and ozip in CH
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.5453 7.6719 7.6237 7.6021 7.5426 9.117 7.558 7.2293 7.5826 7.4889 7.364 9.0764
All markets charge 10% 7.2777 7.9467 7.5764 7.623 7.5725 ⋆9.2608 7.6111 7.6598 7.6115 7.8126 7.096 9.3445
All markets charge 15% 7.4434 7.6071 7.7804 7.2404 7.7046 ⋆9.3827 7.5147 7.5511 7.5814 7.5104 7.8271 9.4743
5%, 10%, 15%, 20%, 25% 7.8113 7.3728 7.523 7.1662 7.487 ⋆8.976 7.6646 7.6422 7.6826 7.3114 7.5047 9.3067
10%, 20%, 30%, 40%, 50% 7.5546 7.5577 7.3811 7.189 7.5033 ⋆8.9654 7.6995 7.6696 7.2135 7.6918 7.6977 9.263
15%, 30%, 45%, 60%, 75% 7.4012 7.0812 7.2279 7.4784 8.0055 ⋆9.0191 7.3144 7.4939 7.1828 7.3911 8.0889 9.1287
Registration Fee
All markets chargeg 0.5 7.6552 7.4115 7.609 7.6564 7.5653 ⋆8.8333 7.8446 7.5361 7.5271 7.4563 7.8693 9.186
All markets charge 1 7.3855 7.6675 7.2021 7.8695 7.6882 ⋆8.9462 7.7837 7.8816 7.6658 7.1402 7.4244 9.1792
All markets charge 2 7.741 7.5605 7.4541 7.4231 7.6962 9.0287 7.5397 7.5305 7.3127 7.6153 7.4795 8.9965
0.5, 1, 1.5, 2.0, 2.5 7.128 7.6964 8.3134 8.106 9.07 ⋆8.5894 6.6781 8.2666 8.0954 8.5246 9.0526 8.7116
1, 2, 3, 4, 5 6.6016 7.8294 8.5994 9.2935 9.559 8.4702 6.5237 7.6876 8.5759 8.525 9.9394 8.455
1, 3, 5, 7, 9 5.9734 8.0514 9.1181 9.3346 11.226 ⭐8.1443 5.9641 8.1689 9.1174 10.134 10.973 8.1939
Free of Charges All free markets 7.7845 7.4844 7.6535 7.653 7.5716 9.152 7.4676 7.5228 7.6617 7.4521 7.5586 9.17
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at
the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise
test.
Table A.45: Coefficient of convengence of zip and ozip in CH
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.9901 7.4279 7.5838 7.7797 7.8894 ⋆8.556 7.558 7.2293 7.5826 7.4889 7.364 9.0764
All markets charge 10% 8.1579 7.9812 7.7827 7.9875 7.8505 ⋆8.76 7.6111 7.6598 7.6115 7.8126 7.096 9.3445
All markets charge 15% 7.9616 7.5975 7.949 7.6125 7.9434 ⋆8.7162 7.5147 7.5511 7.5814 7.5104 7.8271 9.4743
5%, 10%, 15%, 20%, 25% 7.9548 7.5501 7.7602 7.5986 7.6253 ⋆8.5932 7.6646 7.6422 7.6826 7.3114 7.5047 9.3067
10%, 20%, 30%, 40%, 50% 8.301 7.8017 7.5001 7.4031 7.6622 ⋆8.5656 7.6995 7.6696 7.2135 7.6918 7.6977 9.263
15%, 30%, 45%, 60%, 75% 8.1945 7.7526 7.5484 7.8418 8.0304 ⋆8.6372 7.3144 7.4939 7.1828 7.3911 8.0889 9.1287
Registration Fee
All markets chargeg 0.5 7.8913 7.6667 7.9857 7.5819 8.055 ⋆8.5222 7.8446 7.5361 7.5271 7.4563 7.8693 9.186
All markets charge 1 7.9505 7.9101 7.7668 7.9251 7.697 ⋆8.5813 7.7837 7.8816 7.6658 7.1402 7.4244 9.1792
All markets charge 2 8.4687 7.7631 7.5877 7.6864 7.7601 ⋆8.6569 7.5397 7.5305 7.3127 7.6153 7.4795 8.9965
0.5, 1, 1.5, 2.0, 2.5 7.2151 8.1442 8.0413 8.9431 9.0823 ⋆8.2133 6.6781 8.2666 8.0954 8.5246 9.0526 8.7116
1, 2, 3, 4, 5 7.0523 7.8323 8.6256 8.9935 9.904 ⋆8.1392 6.5237 7.6876 8.5759 8.525 9.9394 8.455
1, 3, 5, 7, 9 6.2351 7.8831 9.5321 10.332 10.599 ⋆8.0144 5.9641 8.1689 9.1174 10.134 10.973 8.1939
Free of Charges All free markets 7.7841 7.9388 7.6816 7.6964 7.9392 ⋆8.5873 7.4676 7.5228 7.6617 7.4521 7.5586 9.17
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant
at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only
pair-wise test.
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Table A.46: Last-10-day coefficient of convengence of azip and ozip in CDA
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.4005 6.5241 6.3703 6.0986 6.3054 ⋆10.994 6.3735 6.5209 6.5758 6.2937 6.3101 11.198
All markets charge 10% 6.1668 6.4469 6.3016 6.1307 6.3379 ⋆11.153 6.4391 6.28 6.3574 6.3955 6.6071 11.332
All markets charge 15% 6.0874 6.5394 6.1955 6.5102 6.3617 11.181 6.3834 6.2275 6.158 6.6053 6.2958 11.193
5%, 10%, 15%, 20%, 25% 6.1172 6.3414 6.2972 6.3021 6.437 11.217 6.3434 6.4478 6.1921 6.2457 6.5786 11.256
10%, 20%, 30%, 40%, 50% 6.3157 6.0153 6.3214 6.6252 6.5288 ⋆11.188 6.1031 6.2861 6.1803 6.6196 6.6996 11.327
15%, 30%, 45%, 60%, 75% 5.8817 6.2182 6.4134 6.3474 6.8832 11.185 6.2242 6.3745 6.0732 6.4494 6.6927 11.235
Registration Fee
All markets chargeg 0.5 6.3199 6.1596 6.2541 6.6374 6.2191 ⋆11.14 6.4085 6.3898 6.4028 6.156 6.7596 11.359
All markets charge 1 6.1783 6.5109 6.3242 6.4305 6.1328 ⋆11.19 6.3422 6.6627 6.3585 6.4571 6.3656 11.272
All markets charge 2 6.243 6.5664 6.4121 6.2392 6.4394 ⋆11.026 6.6337 6.4007 6.4243 6.4136 6.0728 11.275
0.5, 1, 1.5, 2.0, 2.5 5.7441 6.1525 6.3783 6.8682 7.3543 10.95 5.6601 6.3684 6.8903 6.8718 6.9902 10.921
1, 2, 3, 4, 5 5.2797 6.2327 7.023 7.4304 7.95 ⋆10.777 5.3028 6.3205 6.9444 7.6017 8.5902 10.917
1, 3, 5, 7, 9 4.8567 6.4406 7.6266 8.3151 9.4525 10.708 4.8478 6.7093 7.4648 8.5049 10.447 10.677
Free of Charges All free markets 6.4108 6.3616 6.0903 6.5019 6.6457 11.252 6.2115 6.5103 6.468 6.3843 6.3001 11.296
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant
at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only
pair-wise test.
Table A.47: Last-10-day coefficient of convengence of zip and ozip in CDA
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 6.6617 7.1239 5.7792 6.5472 7.0633 10.485 6.0924 6.6405 5.9691 6.5111 5.9213 10.44
All markets charge 10% 5.9568 5.9735 6.206 6.496 5.8336 ⭐10.516 6.3434 6.0139 6.2585 6.2558 7.2819 10.962
All markets charge 15% 6.2234 6.1805 5.9179 6.2736 6.2945 10.909 6.7958 6.3298 6.074 6.967 6.0075 10.896
5%, 10%, 15%, 20%, 25% 6.391 6.4152 6.0569 6.0766 6.26 ⭐10.14 5.9744 6.4935 5.7476 5.8073 6.397 10.763
10%, 20%, 30%, 40%, 50% 6.2324 6.5426 5.9835 5.5431 6.7452 ⋆10.151 5.855 6.421 6.336 7.0432 6.7937 10.867
15%, 30%, 45%, 60%, 75% 6.3438 5.716 6.0043 6.9984 6.0205 10.727 6.3929 5.8027 6.1331 6.3698 7.2199 10.999
Registration Fee
All markets chargeg 0.5 6.507 5.9912 5.6876 5.7649 6.2316 ⋆10.391 6.3997 6.1386 6.5185 6.3165 6.3575 10.986
All markets charge 1 6.908 6.2205 6.6882 5.6771 6.5347 10.935 6.1356 6.6486 6.6981 6.8983 6.6939 10.916
All markets charge 2 6.1859 6.6514 6.8952 6.5881 5.8348 10.988 6.3097 6.0648 6.8354 6.2134 5.4494 10.712
0.5, 1, 1.5, 2.0, 2.5 5.8119 5.8945 6.4025 7.4527 6.2038 10.06 5.6415 6.1711 7.2734 7.3615 6.2885 9.723
1, 2, 3, 4, 5 5.483 6.6048 6.9149 7.4621 9.072 10.264 5.3721 6.2498 6.4485 7.1215 10.224 10.512
1, 3, 5, 7, 9 4.1409 6.3337 7.7541 9.1394 11.737 9.6439 4.5246 6.5237 6.6783 8.8938 11.759 9.2649
Free of Charges All free markets 6.1248 6.431 6.8146 6.3131 6.31 10.664 6.1367 6.3122 6.2806 6.3744 6.212 10.541
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at
the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise
test.
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Table A.48: Last-10-day coefficient of convengence of azip and ozip in CH
AZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.7614 7.1515 7.0569 7.5339 6.878 ⋆8.2183 8.0646 7.5981 6.4574 6.4791 7.4896 8.5572
All markets charge 10% 7.064 8.241 6.8735 7.4127 7.1696 8.9441 7.1371 7.9409 7.366 7.2611 7.0973 ⋆8.6133
All markets charge 15% 7.6811 7.8511 7.6824 7.2455 7.3498 8.8949 7.1933 7.2204 7.4771 7.7686 6.4731 8.6411
5%, 10%, 15%, 20%, 25% 6.8711 7.9107 7.8071 6.7018 7.1168 8.3919 7.8756 6.9935 6.7789 7.3164 7.1317 8.5761
10%, 20%, 30%, 40%, 50% 6.7804 7.3069 6.8023 6.8099 9.5987 8.4313 7.5326 6.6562 6.694 7.7361 7.0112 8.4774
15%, 30%, 45%, 60%, 75% 6.6883 6.5913 6.4888 7.8096 8.4501 ⋆7.7916 6.4542 7.1538 6.6614 6.9022 9.6006 8.2181
Registration Fee
All markets chargeg 0.5 7.5743 6.9594 7.9925 6.9481 7.7544 8.0728 7.5378 7.1403 7.5722 6.8168 7.9266 8.2062
All markets charge 1 7.7616 7.0403 7.4325 7.2992 7.0264 8.4252 7.4144 6.8541 7.0758 6.9146 7.346 8.1208
All markets charge 2 7.2786 7.0318 7.4054 7.7021 7.0886 8.2212 6.9518 7.345 6.7628 7.5976 7.0593 8.0648
0.5, 1, 1.5, 2.0, 2.5 6.5807 8.3687 7.2968 8.3262 8.1481 7.8792 6.7044 7.7505 7.9478 8.1922 9.2959 7.7074
1, 2, 3, 4, 5 6.7571 7.0449 7.826 9.7699 8.4455 7.6583 5.9388 7.234 7.8865 8.8962 9.5553 7.8404
1, 3, 5, 7, 9 5.4788 6.8882 9.5146 11.062 9.9728 7.1155 5.5585 7.4534 9.8429 12.024 12.336 6.9186
Free of Charges All free markets 7.9004 7.3686 7.57 7.7712 6.8592 8.3491 6.84 7.2832 7.2874 7.7347 7.4892 ⋆8.0169
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant at
the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only pair-wise
test.
Table A.49: Last-10-day coefficient of convengence of zip and ozip in CH
ZIP OZIP
Charges from M0 through M4 M0 M1 M2 M3 M4 Global M0 M1 M2 M3 M4 Global
Profit Fee
All markets charge 5% 7.895 6.7962 7.5511 7.3928 6.8513 ⋆7.7213 8.0646 7.5981 6.4574 6.4791 7.4896 8.5572
All markets charge 10% 7.1503 8.4369 7.1606 8.4318 7.4928 ⋆8.1352 7.1371 7.9409 7.366 7.2611 7.0973 8.6133
All markets charge 15% 7.8564 7.4994 7.4388 7.1306 8.6949 ⋆8.2964 7.1933 7.2204 7.4771 7.7686 6.4731 8.6411
5%, 10%, 15%, 20%, 25% 8.1096 7.2464 7.7503 7.2411 7.4525 8.5935 7.8756 6.9935 6.7789 7.3164 7.1317 8.5761
10%, 20%, 30%, 40%, 50% 7.3719 7.207 7.1552 7.9447 7.0297 ⋆7.7075 7.5326 6.6562 6.694 7.7361 7.0112 8.4774
15%, 30%, 45%, 60%, 75% 7.0521 7.0951 8.0787 8.2377 7.732 ⋆7.5962 6.4542 7.1538 6.6614 6.9022 9.6006 8.2181
Registration Fee
All markets chargeg 0.5 7.4074 7.3751 7.6947 6.9212 7.6966 ⋆7.811 7.5378 7.1403 7.5722 6.8168 7.9266 8.2062
All markets charge 1 7.7594 8.3058 7.812 7.2405 7.9618 8.2464 7.4144 6.8541 7.0758 6.9146 7.346 8.1208
All markets charge 2 8.0521 6.6989 6.8775 7.4077 7.177 8.1479 6.9518 7.345 6.7628 7.5976 7.0593 8.0648
0.5, 1, 1.5, 2.0, 2.5 7.2885 7.0198 7.4629 9.3799 8.3266 ⋆7.1534 6.7044 7.7505 7.9478 8.1922 9.2959 7.7074
1, 2, 3, 4, 5 6.7385 7.4992 7.7772 9.5983 9.2317 ⋆7.3988 5.9388 7.234 7.8865 8.8962 9.5553 7.8404
1, 3, 5, 7, 9 6.0425 7.4574 8.0516 10.361 10.256 7.1549 5.5585 7.4534 9.8429 12.024 12.336 6.9186
Free of Charges All free markets 7.3183 7.5656 7.7657 6.9705 8.3225 7.8308 6.84 7.2832 7.2874 7.7347 7.4892 8.0169
Numbers in ⋆bold indicate the best (highest) global efficiency values in a given row. Numbers with a ⋆ next to them indicate comparisons that are significant
at the 95% level for both family-wise and pair-wise tests, numbers with a ⭐ next to them indicate comparisons that are significant at the 95% level for only
pair-wise test.
Appendix B
Results of Chapter 5 - Allocative
Efficiency
Results shown here are related to the results of Sections 5.4.1.1 and 5.4.2.1.
B.1 Non transfer learning VS transfer learning
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Figure B.1: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in chain networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure B.2: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in fully connected networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration
fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-
greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure B.3: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in ring networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).
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Figure B.4: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure B.5: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure B.6: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).
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Figure B.7: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in chain networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure B.8: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in fully connected networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure B.9: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in ring networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).
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Figure B.10: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in star networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure B.11: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in small-world networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registra-
tion fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy
(ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure B.12: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in scale-free networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (sf-eg).
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Figure B.13: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure B.14: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in fully connected networks with CDA markets. The
x-axis gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure B.15: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (mhsf-eg).
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Figure B.16: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in star networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure B.17: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. The
x-axis gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure B.18: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration
fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-
greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).
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Figure B.19: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in chain networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure B.20: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in fully connected networks with CH markets. The
x-axis gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure B.21: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in ring networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (mhsf-eg).
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Figure B.22: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in star networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy
strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure B.23: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in small-world networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration
fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-
greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure B.24: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in scale-free networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration
fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy (ǫ-
greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).
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Figure B.25: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(sf-eg).




































Figure B.26: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in fully connected networks with CDA markets. The
x-axis gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).




































Figure B.27: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in ring networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees but
different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(sf-eg).
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Figure B.28: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees but
different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(sf-eg).




































Figure B.29: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration
fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indi-
cates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning
strategy (sf-eg).




































Figure B.30: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration
fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indi-
cates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning
strategy (sf-eg).
Appendix B. Results of Chapter 5 - Allocative Efficiency 260




































Figure B.31: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in chain networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees but
different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(sf-eg).




































Figure B.32: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in fully connected networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration
fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indi-
cates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning
strategy (sf-eg).




































Figure B.33: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in ring networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees but
different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(sf-eg).
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Figure B.34: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in star networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees but
different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(sf-eg).




































Figure B.35: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in small-world networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration
fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indi-
cates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning
strategy (sf-eg).




































Figure B.36: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in scale-free networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(sf-eg).
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Figure B.37: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(mhsf-eg).




































Figure B.38: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in fully connected networks with CDA markets. The
x-axis gives the trading day, and the y-axis gives the global efficiency. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).




































Figure B.39: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global efficiency. All markets charge 0.5 registration fees
but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted line indicates non-
transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy
(mhsf-eg).
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Figure B.40: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in star networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates
transfer learning strategy (mhsf-eg).




































Figure B.41: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. All
markets charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In
each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid
line indicates transfer learning strategy (mhsf-eg).




































Figure B.42: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the
dotted line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates
transfer learning strategy (mhsf-eg).
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Figure B.43: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in chain networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates
transfer learning strategy (mhsf-eg).




































Figure B.44: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in fully connected networks with CH markets. All
markets charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In
each plot, the dotted line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid
line indicates transfer learning strategy (mhsf-eg).




































Figure B.45: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in ring networks with CH markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).
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Figure B.46: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in star networks with CH markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).




































Figure B.47: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in small-world networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the
dotted line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates
transfer learning strategy (mhsf-eg).




































Figure B.48: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in scale-free networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the
dotted line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates
transfer learning strategy (mhsf-eg).
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Figure B.49: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in chain networks with CDA markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure B.50: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in fully connected networks with CDA markets. All mar-
kets charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-
transfer learning strategy (softmax strategy), while solid line indicates transfer learning strategy
(sf-sm).




































Figure B.51: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in ring networks with CDA markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).
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Figure B.52: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in star networks with CDA markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure B.53: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in small-world networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure B.54: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in scale-free networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).
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Figure B.55: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in chain networks with CH markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure B.56: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in fully connected networks with CH markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure B.57: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in ring networks with CH markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).
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Figure B.58: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in star networks with CH markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure B.59: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in small-world networks with CH markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure B.60: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in scale-free networks with CH markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).
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Figure B.61: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in chain networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure B.62: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in fully connected networks with CDA markets. All
markets charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-
transfer learning strategy (softmax strategy), while solid line indicates transfer learning strategy
(mhsf-sm).




































Figure B.63: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in ring networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).
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Figure B.64: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in star networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure B.65: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learn-
ing market selection strategy (softmax strategy) in small-world networks with CDA markets. All
markets charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-
transfer learning strategy (softmax strategy), while solid line indicates transfer learning strategy
(mhsf-sm).




































Figure B.66: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in scale-free networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).
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Figure B.67: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in chain networks with CH markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure B.68: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in fully connected networks with CH markets. All
markets charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-
transfer learning strategy (softmax strategy), while solid line indicates transfer learning strategy
(mhsf-sm).




































Figure B.69: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in ring networks with CH markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).
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Figure B.70: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in star networks with CH markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure B.71: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in small-world networks with CH markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure B.72: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in scale-free networks with CH markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).
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Figure B.73: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in chain networks with CDA markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure B.74: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in fully connected networks with CDA markets. All mar-
kets charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each
plot, the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line
indicates transfer learning strategy (sf-sm).




































Figure B.75: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in ring networks with CDA markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).
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Figure B.76: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in star networks with CDA markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure B.77: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in small-world networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (sf-sm).




































Figure B.78: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in scale-free networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (sf-sm).
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Figure B.79: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in chain networks with CH markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure B.80: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in fully connected networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (sf-sm).




































Figure B.81: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in ring networks with CH markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).
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Figure B.82: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in star networks with CH markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure B.83: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in small-world networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (sf-sm).




































Figure B.84: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in scale-free networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (sf-sm).
Appendix B. Results of Chapter 5 - Allocative Efficiency 278




































Figure B.85: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in chain networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (mhsf-sm).




































Figure B.86: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in fully connected networks with CDA markets. All
markets charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In
each plot, the dotted line indicates non-transfer learning strategy (softmax strategy), while solid
line indicates transfer learning strategy (mhsf-sm).




































Figure B.87: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in ring networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (mhsf-sm).
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Figure B.88: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in star networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (mhsf-sm).




































Figure B.89: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in small-world networks with CDA markets. All mar-
kets charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each
plot, the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line
indicates transfer learning strategy (mhsf-sm).




































Figure B.90: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in scale-free networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (mhsf-sm).
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Figure B.91: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in chain networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (mhsf-sm).




































Figure B.92: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in fully connected networks with CH markets. All
markets charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In
each plot, the dotted line indicates non-transfer learning strategy (softmax strategy), while solid
line indicates transfer learning strategy (mhsf-sm).




































Figure B.93: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in ring networks with CH markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (mhsf-sm).
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Figure B.94: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in star networks with CH markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (mhsf-sm).




































Figure B.95: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in small-world networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (mhsf-sm).




































Figure B.96: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in scale-free networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (mhsf-sm).
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Table B.1: Global efficiency comparison between ǫ-greedy strategy and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 90.756 ⋆91.542 0.87
ZIP 87.805 ⋆88.82 1.16
RE 92.14 ⋆92.812 0.73
AZIP 88.08 ⋆88.92 0.95
Fully
ZIC 90.833 ⋆92.816 2.18
ZIP 86.695 ⋆87.2 0.58
RE 92.032 ⋆93.243 1.32
AZIP 86.858 ⋆87.186 0.38
Ring
ZIC 90.781 ⋆91.725 1.04
ZIP 87.944 ⋆88.829 1.01
RE 92.185 ⋆92.931 0.81
AZIP 88.04 ⋆88.726 0.78
Star
ZIC 91.822 ⋆93.059 1.35
ZIP 87.422 ⋆91.659 4.85
RE 93.188 ⋆93.988 0.86
AZIP 87.329 ⋆90.774 3.94
Smallworld
ZIC 90.974 ⋆92.019 1.15
ZIP 87.373 ⋆88.297 1.06
RE 92.197 ⋆93.051 0.93
AZIP 87.618 ⋆88.341 0.83
Scalefree
ZIC 91.443 ⋆92.829 1.52
ZIP 88.43 ⋆91.15 3.08
RE 92.7 ⋆93.685 1.06
AZIP 88.401 ⋆91.231 3.20
Different
Chain
ZIC 90.633 ⋆91.791 1.28
ZIP 87.851 ⋆88.6 0.85
RE 91.988 ⋆93.006 1.11
AZIP 88.155 ⋆88.637 0.55
Fully
ZIC 90.739 ⋆93.252 2.77
ZIP 86.689 ⋆87.115 0.49
RE 92.096 ⋆93.783 1.83
AZIP 86.863 ⋆87.251 0.45
Ring
ZIC 90.676 ⋆91.839 1.28
ZIP 87.917 ⋆88.793 1.00
RE 92.09 ⋆93.162 1.16
AZIP 88.058 ⋆88.868 0.92
Star
ZIC 91.748 ⋆94.569 3.07
ZIP 87.083 ⋆91.414 4.97
RE 93.128 ⋆95.014 2.03
AZIP 87.264 ⋆90.878 4.14
Smallworld
ZIC 90.779 ⋆92.38 1.76
ZIP 87.435 ⋆88.343 1.04
RE 92.146 ⋆93.447 1.41
AZIP 87.622 ⋆88.496 1.00
Scalefree
ZIC 91.329 ⋆93.611 2.50
ZIP 88.256 ⋆91.646 3.84
RE 92.672 ⋆94.238 1.69
AZIP 88.334 ⋆91.162 3.20
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared,
a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.2: Global efficiency comparison between ǫ-greedy strategy and MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC 90.756 ⋆91.969 1.34
ZIP 87.805 ⋆87.834 0.03
RE 92.14 ⋆92.803 0.72
AZIP ⭐88.08 87.95 -0.15
Fully
ZIC 90.833 ⋆92.557 1.90
ZIP 86.695 ⋆87.183 0.56
RE 92.032 ⋆92.989 1.04
AZIP 86.858 ⋆87.136 0.32
Ring
ZIC 90.781 ⋆91.961 1.30
ZIP 87.944 87.792 -0.17
RE 92.185 ⋆92.863 0.74
AZIP ⋆88.04 87.858 -0.21
Star
ZIC 91.822 ⋆92.792 1.06
ZIP 87.422 ⋆91.335 4.48
RE 93.188 ⋆93.753 0.61
AZIP 87.329 ⋆89.564 2.56
Smallworld
ZIC 90.974 ⋆92.576 1.76
ZIP ⋆87.373 87.039 -0.38
RE 92.197 ⋆93.074 0.95
AZIP ⋆87.618 87.074 -0.62
Scalefree
ZIC 91.443 ⋆92.692 1.37
ZIP 88.43 ⋆91.469 3.44
RE 92.7 ⋆93.576 0.94
AZIP 88.401 ⋆90.608 2.50
Different
Chain
ZIC 90.633 ⋆92.019 1.53
ZIP 87.851 87.825 -
RE 91.988 ⋆93.059 1.16
AZIP 88.155 88.032 -
Fully
ZIC 90.739 ⋆93.158 2.67
ZIP 86.689 ⋆87.048 0.41
RE 92.096 ⋆93.673 1.71
AZIP 86.863 ⋆87.172 0.36
Ring
ZIC 90.676 ⋆92.21 1.69
ZIP 87.917 87.8 -
RE 92.09 ⋆93.128 1.13
AZIP 88.058 87.951 -
Star
ZIC 91.748 ⋆93.766 2.20
ZIP 87.083 ⋆91.349 4.90
RE 93.128 ⋆94.47 1.44
AZIP 87.264 ⋆89.564 2.64
Smallworld
ZIC 90.779 ⋆93 2.45
ZIP ⋆87.435 87.017 -0.48
RE 92.146 ⋆93.494 1.46
AZIP ⋆87.622 87.163 -0.52
Scalefree
ZIC 91.329 ⋆93.633 2.52
ZIP 88.256 ⋆91.476 3.65
RE 92.672 ⋆94.169 1.62
AZIP 88.334 ⋆90.893 2.90
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
Appendix B. Results of Chapter 5 - Allocative Efficiency 284
Table B.3: Last-10-day global efficiency comparison between ǫ-greedy strategy and
SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 91.004 ⋆91.911 1.00
ZIP 88.302 ⋆90.223 2.18
RE 92.432 ⋆93.455 1.11
AZIP 88.591 ⋆90.061 1.66
Fully
ZIC 90.805 ⋆93.901 3.41
ZIP 87.189 ⋆88.995 2.07
RE 92.078 ⋆94.322 2.44
AZIP 87.563 ⋆88.506 1.08
Ring
ZIC 91.11 ⋆92.248 1.25
ZIP 88.395 ⋆89.596 1.36
RE 92.582 ⋆93.425 0.91
AZIP 88.411 ⋆89.997 1.79
Star
ZIC 92.074 ⋆93.575 1.63
ZIP 86.907 ⋆93.606 7.71
RE 93.634 ⋆94.591 1.02
AZIP 89.286 ⋆93.903 5.17
Smallworld
ZIC 90.987 ⋆92.815 2.01
ZIP 87.839 ⋆89.337 1.71
RE 92.353 ⋆93.656 1.41
AZIP 88.323 ⋆89.49 1.32
Scalefree
ZIC 91.583 ⋆93.525 2.12
ZIP 90.121 ⋆93.073 3.28
RE 93.145 ⋆94.264 1.20
AZIP 89.604 ⋆93.931 4.83
Different
Chain
ZIC 90.705 ⋆92.318 1.73
ZIP 88.294 ⋆89.641 1.92
RE 92.303 ⋆93.594 1.49
AZIP 88.68 ⋆89.647 1.59
Fully
ZIC 90.59 ⋆94.569 4.44
ZIP 87.36 ⋆88.697 0.85
RE 92.194 ⋆94.934 2.90
AZIP 87.61 ⋆88.839 2.23
Ring
ZIC 90.693 ⋆92.36 1.96
ZIP 88.622 ⋆89.775 1.23
RE 92.384 ⋆93.83 1.73
AZIP 88.593 ⋆89.899 1.57
Star
ZIC 92.261 ⋆95.651 3.64
ZIP 87.452 ⋆94.131 6.01
RE 93.678 ⋆95.991 2.46
AZIP 87.779 ⋆93.364 8.79
Smallworld
ZIC 90.626 ⋆93.185 3.18
ZIP 88.069 ⋆89.562 1.59
RE 92.235 ⋆94.218 2.31
AZIP 88.215 ⋆89.778 1.79
Scalefree
ZIC 91.597 ⋆94.514 3.26
ZIP 89.552 ⋆94.27 4.50
RE 93.072 ⋆95.014 2.16
AZIP 89.181 ⋆93.721 5.10
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared,
a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.4: Last-10-day global efficiency comparison between ǫ-greedy strategy and
MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC 91.004 ⋆92.982 2.17
ZIP 88.302 ⋆88.913 0.69
RE 92.432 ⋆93.59 1.25
AZIP 88.591 88.908 -
Fully
ZIC 90.805 ⋆93.796 3.29
ZIP 87.189 ⋆88.736 1.77
RE 92.078 ⋆93.988 2.07
AZIP 87.563 ⋆88.971 1.61
Ring
ZIC 91.11 ⋆93.139 2.23
ZIP 88.395 ⋆88.987 0.67
RE 92.582 ⋆93.758 1.27
AZIP 88.411 ⋆89.214 0.91
Star
ZIC 92.074 ⋆93.955 2.04
ZIP 86.907 ⋆95.189 9.53
RE 93.634 ⋆94.766 1.21
AZIP 89.286 ⋆92.082 3.13
Smallworld
ZIC 90.987 ⋆94.069 3.39
ZIP 87.839 ⋆88.707 0.99
RE 92.353 ⋆94.109 1.90
AZIP 88.323 ⋆88.705 0.43
Scalefree
ZIC 91.583 ⋆93.885 2.51
ZIP 90.121 ⋆93.846 4.13
RE 93.145 ⋆94.607 1.57
AZIP 89.604 ⋆93.797 4.68
Different
Chain
ZIC 90.725 ⋆93.22 2.75
ZIP 88.053 ⋆88.927 0.99
RE 92.284 ⋆94.053 1.92
AZIP 88.575 ⋆89.064 0.55
Fully
ZIC 90.67 ⋆94.515 4.24
ZIP 87.534 ⋆89.044 1.73
RE 92.384 ⋆94.891 2.71
AZIP 87.387 ⋆89.621 2.56
Ring
ZIC 90.638 ⋆93.422 3.07
ZIP 88.871 ⭐89.145 0.31
RE 92.444 ⋆94.229 1.93
AZIP 88.507 ⋆89.42 1.03
Star
ZIC 92.179 ⋆95.303 3.39
ZIP 89.137 ⋆95.327 6.94
RE 93.736 ⋆95.961 2.37
AZIP 86.968 ⋆93.013 6.95
Smallworld
ZIC 90.417 ⋆94.349 4.35
ZIP 88.467 ⭐88.618 0.17
RE 92.14 ⋆94.576 2.64
AZIP 88.23 88.347 -
Scalefree
ZIC 91.611 ⋆95.12 3.83
ZIP 90.167 ⋆94.583 4.90
RE 92.971 ⋆95.765 3.01
AZIP 89.269 ⋆94.649 6.03
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.5: Global efficiency comparison between softmax strategy and SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 86.262 ⋆89.721 4.01
ZIP 88.339 ⋆90.542 2.49
RE 87.939 ⋆91.49 4.04
AZIP 88.737 ⋆90.834 2.36
Fully
ZIC 87.678 ⋆91.131 3.94
ZIP 89.259 ⋆89.778 0.58
RE 89.237 ⋆92.729 3.91
AZIP 89.226 ⋆90.087 0.96
Ring
ZIC 86.321 ⋆89.982 4.24
ZIP 88.476 ⋆90.712 2.53
RE 87.97 ⋆91.729 4.27
AZIP 88.775 ⋆90.878 2.37
Star
ZIC 86.663 ⋆89.762 3.58
ZIP 88.579 ⋆91.044 2.78
RE 88.003 ⋆91.608 4.10
AZIP 88.6 ⋆91.114 2.84
Smallworld
ZIC 86.353 ⋆90.444 4.74
ZIP 89.002 ⋆90.727 1.94
RE 88.385 ⋆92.156 4.27
AZIP 89.021 ⋆91.052 2.28
Scalefree
ZIC 86.251 ⋆90.249 4.64
ZIP 88.755 ⋆90.857 2.37
RE 87.944 ⋆91.861 4.45
AZIP 88.686 ⋆91.059 2.68
Different
Chain
ZIC 85.778 ⋆89.721 4.60
ZIP 88.671 ⋆90.542 2.11
RE 87.839 ⋆91.49 4.16
AZIP 88.704 ⋆90.834 2.40
Fully
ZIC 87.808 ⋆91.131 3.78
ZIP 89.31 ⋆89.778 0.52
RE 89.549 ⋆92.729 3.55
AZIP 89.225 ⋆90.087 0.97
Ring
ZIC 86.58 ⋆89.982 3.93
ZIP 88.751 ⋆90.712 2.21
RE 87.913 ⋆91.729 4.34
AZIP 88.732 ⋆90.878 2.42
Star
ZIC 86.51 ⋆89.762 3.76
ZIP 88.661 ⋆91.044 2.69
RE 87.746 ⋆91.608 4.40
AZIP 88.294 ⋆91.114 3.19
Smallworld
ZIC 86.34 ⋆90.444 4.75
ZIP 89.115 ⋆90.727 1.81
RE 88.446 ⋆92.156 4.19
AZIP 89.007 ⋆91.052 2.30
Scalefree
ZIC 86.711 ⋆90.249 4.08
ZIP 88.742 ⋆90.857 2.38
RE 88.086 ⋆91.861 4.29
AZIP 88.748 ⋆91.059 2.60
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared,
a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.6: Global efficiency comparison between softmax strategy and MHSF-SM
Charge Type Network Trading Strategy Softmax MHSF-SM ∆%
Same
Chain
ZIC 86.262 ⋆90.601 5.03
ZIP 88.339 ⋆90.473 2.42
RE 87.939 ⋆92.098 4.73
AZIP 88.737 ⋆90.854 2.39
Fully
ZIC 87.678 ⋆91.172 3.99
ZIP 89.259 ⋆89.626 0.41
RE 89.237 ⋆92.652 3.83
AZIP 89.226 ⋆90.079 0.96
Ring
ZIC 86.321 ⋆90.659 5.03
ZIP 88.476 ⋆90.476 2.26
RE 87.97 ⋆92.177 4.78
AZIP 88.775 ⋆90.874 2.36
Star
ZIC 86.663 ⋆90.962 4.96
ZIP 88.579 ⋆90.493 2.16
RE 88.003 ⋆92.381 4.97
AZIP 88.6 ⋆90.845 2.53
Smallworld
ZIC 86.353 ⋆91.102 5.50
ZIP 89.002 ⋆90.189 1.33
RE 88.385 ⋆92.437 4.58
AZIP 89.021 ⋆90.746 1.94
Scalefree
ZIC 86.251 ⋆90.85 5.33
ZIP 88.755 ⋆90.276 1.71
RE 87.944 ⋆92.3 4.95
AZIP 88.686 ⋆90.799 2.38
Different
Chain
ZIC 85.778 ⋆90.126 5.07
ZIP 88.671 ⋆90.551 2.12
RE 87.839 ⋆92.363 5.15
AZIP 88.704 ⋆90.915 2.49
Fully
ZIC 87.808 ⋆91.156 3.81
ZIP 89.31 ⋆89.637 0.37
RE 89.549 ⋆92.839 3.67
AZIP 89.225 ⋆90.092 0.97
Ring
ZIC 86.58 ⋆90.685 4.74
ZIP 88.751 ⋆90.627 2.11
RE 87.913 ⋆92.417 5.12
AZIP 88.732 ⋆90.848 2.38
Star
ZIC 86.51 ⋆90.794 4.95
ZIP 88.661 ⋆90.459 2.03
RE 87.746 ⋆92.445 5.36
AZIP 88.294 ⋆90.883 2.93
Smallworld
ZIC 86.34 ⋆90.997 5.39
ZIP 89.115 ⋆90.328 1.36
RE 88.446 ⋆92.605 4.70
AZIP 89.007 ⋆90.652 1.85
Scalefree
ZIC 86.711 ⋆90.904 4.84
ZIP 88.742 ⋆90.307 1.76
RE 88.086 ⋆92.614 5.14
AZIP 88.748 ⋆90.772 2.28
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.7: Last-10-day global efficiency comparison between softmax strategy and
SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 86.433 ⋆89.987 4.11
ZIP 88.811 ⋆90.868 2.32
RE 88.111 ⋆91.771 4.15
AZIP 89.02 ⋆91.092 2.33
Fully
ZIC 88.865 ⋆91.196 2.62
ZIP ⭐89.473 89.047 -0.48
RE 90.472 ⋆92.87 2.65
AZIP 89.416 89.288 -
Ring
ZIC 86.489 ⋆90.238 4.33
ZIP 88.624 ⋆90.93 2.60
RE 88.157 ⋆92.055 4.42
AZIP 89.161 ⋆91.159 2.24
Star
ZIC 86.779 ⋆90.371 4.14
ZIP 89.079 ⋆91.099 2.27
RE 88.151 ⋆92.159 4.55
AZIP 88.852 ⋆91.519 3.00
Smallworld
ZIC 86.709 ⋆90.615 4.50
ZIP 89.249 ⋆90.546 1.45
RE 88.758 ⋆92.396 4.10
AZIP 89.608 ⋆91.199 1.78
Scalefree
ZIC 86.502 ⋆90.482 4.60
ZIP 88.895 ⋆90.805 2.15
RE 88.136 ⋆92.266 4.69
AZIP 89.368 ⋆91.275 2.13
Different
Chain
ZIC 85.98 ⋆89.987 4.66
ZIP 89.325 ⋆90.868 1.73
RE 87.971 ⋆91.771 4.32
AZIP 88.952 ⋆91.092 2.41
Fully
ZIC 89.026 ⋆91.196 2.44
ZIP ⋆89.854 89.047 -0.90
RE 90.496 ⋆92.87 2.62
AZIP 89.453 89.288 -
Ring
ZIC 86.655 ⋆90.238 4.13
ZIP 89.015 ⋆90.93 2.15
RE 88.175 ⋆92.055 4.40
AZIP 88.968 ⋆91.159 2.46
Star
ZIC 86.623 ⋆90.371 4.33
ZIP 89.165 ⋆91.099 2.17
RE 87.936 ⋆92.159 4.80
AZIP 88.79 ⋆91.519 3.07
Smallworld
ZIC 86.655 ⋆90.615 4.57
ZIP 89.423 ⋆90.546 1.26
RE 88.755 ⋆92.396 4.10
AZIP 89.322 ⋆91.199 2.10
Scalefree
ZIC 86.911 ⋆90.482 4.11
ZIP 89.263 ⋆90.805 1.73
RE 88.367 ⋆92.266 4.41
AZIP 89.191 ⋆91.275 2.34
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared,
a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.8: Last-10-day global efficiency comparison between softmax strategy and
MHSF-SM
Charge Type Network Trading Strategy Softmax MHSF-SM ∆%
Same
Chain
ZIC 86.433 ⋆90.776 5.02
ZIP 88.811 ⋆90.723 2.15
RE 88.111 ⋆92.317 4.77
AZIP 89.02 ⋆91.035 2.26
Fully
ZIC 88.865 ⋆91.372 2.82
ZIP 89.473 88.96 -
RE 90.472 ⋆92.848 2.63
AZIP 89.416 89.301 -
Ring
ZIC 86.489 ⋆90.76 4.94
ZIP 88.624 ⋆90.304 1.90
RE 88.157 ⋆92.445 4.86
AZIP 89.161 ⋆91.074 2.15
Star
ZIC 86.779 ⋆91.065 4.94
ZIP 89.079 ⋆90.514 1.61
RE 88.151 ⋆92.593 5.04
AZIP 88.852 ⋆90.964 2.38
Smallworld
ZIC 86.709 ⋆91.222 5.20
ZIP 89.249 ⋆90.23 1.10
RE 88.758 ⋆92.699 4.44
AZIP 89.608 ⋆90.874 1.41
Scalefree
ZIC 86.502 ⋆91.02 5.22
ZIP 88.895 ⋆90.013 1.26
RE 88.136 ⋆92.649 5.12
AZIP 89.368 ⋆90.715 1.51
Different
Chain
ZIC 85.98 ⋆90.296 5.02
ZIP 89.325 ⋆90.511 1.33
RE 87.971 ⋆92.527 5.18
AZIP 88.952 ⋆91.059 2.37
Fully
ZIC 89.026 ⋆91.225 2.47
ZIP ⋆89.854 88.898 -1.06
RE 90.496 ⋆92.882 2.64
AZIP 89.453 ⭐89.753 0.34
Ring
ZIC 86.655 ⋆90.906 4.91
ZIP 89.015 ⋆90.645 1.83
RE 88.175 ⋆92.679 5.11
AZIP 88.968 ⋆91.382 2.71
Star
ZIC 86.623 ⋆90.983 5.03
ZIP 89.165 ⋆90.078 1.02
RE 87.936 ⋆92.758 5.48
AZIP 88.79 ⋆91.034 2.53
Smallworld
ZIC 86.655 ⋆91.079 5.11
ZIP 89.423 ⋆90.104 0.76
RE 88.755 ⋆92.799 4.56
AZIP 89.322 ⋆90.314 1.11
Scalefree
ZIC 86.911 ⋆91.054 4.77
ZIP 89.263 ⋆89.99 0.81
RE 88.367 ⋆92.831 5.05
AZIP 89.191 ⋆90.674 1.66
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.9: Global efficiency comparison in CH markets between ǫ-greedy strategy
and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 96.626 ⋆96.756 0.13
ZIP 94.207 ⋆95.087 0.93
RE 96.457 ⋆96.505 0.05
AZIP 94.123 ⋆94.999 0.93
Fully
ZIC ⋆96.636 96.594 -0.04
ZIP 93.65 ⋆94.783 1.21
RE ⋆96.378 96.291 -0.09
AZIP 93.614 ⋆94.455 0.90
Ring
ZIC 96.763 ⋆96.926 0.17
ZIP 94.382 ⋆95.186 0.85
RE 96.537 ⋆96.759 0.23
AZIP 94.305 ⋆95.092 0.83
Star
ZIC 97.349 ⋆97.654 0.31
ZIP 93.412 ⋆97.044 3.89
RE 97.171 ⋆97.523 0.36
AZIP 93.448 ⋆96.985 3.78
Smallworld
ZIC 96.765 ⋆96.809 0.05
ZIP 94.063 ⋆95.086 1.09
RE 96.594 ⋆96.647 0.05
AZIP 94.095 ⋆94.964 0.92
Scalefree
ZIC 97.151 ⋆97.438 0.30
ZIP 93.81 ⋆96.742 3.13
RE 97.001 ⋆97.25 0.26
AZIP 93.8 ⋆96.567 2.95
Different
Chain
ZIC 96.616 ⋆96.763 0.15
ZIP 94.271 ⋆95.169 0.95
RE 96.415 ⋆96.726 0.32
AZIP 94.19 ⋆94.951 0.81
Fully
ZIC 96.801 ⋆96.879 0.08
ZIP 93.643 ⋆94.743 1.17
RE 96.544 ⋆96.624 0.08
AZIP 93.622 ⋆94.487 0.92
Ring
ZIC 96.692 ⋆96.995 0.31
ZIP 94.383 ⋆95.154 0.82
RE 96.622 ⋆96.752 0.13
AZIP 94.322 ⋆95.061 0.78
Star
ZIC 97.36 ⋆97.695 0.34
ZIP 93.31 ⋆97.018 3.97
RE 97.218 ⋆97.592 0.38
AZIP 93.301 ⋆96.969 3.93
Smallworld
ZIC 96.805 ⋆96.984 0.18
ZIP 94.09 ⋆95.075 1.05
RE 96.639 ⋆96.751 0.12
AZIP 94.059 ⋆94.867 0.86
Scalefree
ZIC 97.188 ⋆97.563 0.39
ZIP 93.964 ⋆96.727 2.94
RE 97.037 ⋆97.381 0.35
AZIP 93.753 ⋆96.538 2.97
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared,
a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.10: Global efficiency comparison in CH markets in between ǫ-greedy strategy
and MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC ⋆96.626 96.625 0.00
ZIP 94.207 ⋆94.871 0.70
RE ⋆96.457 96.447 -0.01
AZIP 94.123 ⋆94.735 0.65
Fully
ZIC ⋆96.636 96.59 -0.05
ZIP 93.65 ⋆94.772 1.20
RE ⋆96.378 96.296 -0.09
AZIP 93.614 ⋆94.431 0.87
Ring
ZIC ⋆96.763 96.496 -0.28
ZIP 94.382 ⋆94.741 0.38
RE ⋆96.537 96.37 -0.17
AZIP 94.305 ⋆94.641 0.36
Star
ZIC ⋆97.349 97.286 -0.06
ZIP 93.412 ⋆96.798 3.62
RE 97.171 97.162 -
AZIP 93.448 ⋆96.746 3.53
Smallworld
ZIC ⋆96.765 96.362 -0.42
ZIP 94.063 ⋆94.618 0.59
RE ⋆96.594 96.123 -0.49
AZIP 94.095 ⋆94.353 0.27
Scalefree
ZIC 97.151 ⋆97.17 0.02
ZIP 93.81 ⋆96.562 2.93
RE ⋆97.001 96.943 -0.06
AZIP 93.8 ⋆96.491 2.87
Different
Chain
ZIC ⋆96.616 96.589 -0.03
ZIP 94.271 ⋆94.73 0.49
RE 96.415 ⋆96.52 0.11
AZIP 94.19 ⋆94.638 0.48
Fully
ZIC 96.801 ⋆96.865 0.07
ZIP 93.643 ⋆94.712 1.14
RE 96.544 ⋆96.614 0.07
AZIP 93.622 ⋆94.413 0.84
Ring
ZIC ⋆96.692 96.611 -0.08
ZIP 94.383 ⋆94.731 0.37
RE ⋆96.622 96.491 -0.14
AZIP 94.322 ⋆94.591 0.29
Star
ZIC 97.36 ⋆97.368 0.01
ZIP 93.31 ⋆96.827 3.77
RE 97.218 ⋆97.276 0.06
AZIP 93.301 ⋆96.752 3.70
Smallworld
ZIC ⋆96.805 96.565 -0.25
ZIP 94.09 ⋆94.582 0.52
RE ⋆96.639 96.405 -0.24
AZIP 94.059 ⋆94.319 0.28
Scalefree
ZIC 97.188 ⋆97.224 0.04
ZIP 93.964 ⋆96.56 2.76
RE 97.037 ⋆97.116 0.08
AZIP 93.753 ⋆96.398 2.82
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.11: Last-10-day Global efficiency comparison in CH markets between ǫ-
greedy strategy and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 97.111 ⋆97.443 0.34
ZIP 94.433 ⋆95.849 1.50
RE 96.825 ⋆97.118 0.30
AZIP 94.11 ⋆95.721 1.71
Fully
ZIC 97.075 97.132 -
ZIP 93.711 ⋆96.054 2.50
RE 96.548 ⋆96.829 0.29
AZIP 93.976 ⋆95.65 1.78
Ring
ZIC 97.318 ⋆97.503 0.19
ZIP 94.599 ⋆95.832 1.30
RE 97.07 ⋆97.322 0.26
AZIP 94.982 ⋆95.785 0.85
Star
ZIC 97.817 ⋆98.126 0.32
ZIP 93.528 ⋆97.88 4.65
RE 97.876 ⋆98.093 0.22
AZIP 93.594 ⋆97.708 4.40
Smallworld
ZIC 97.163 ⋆97.347 0.19
ZIP 94.477 ⋆95.952 1.56
RE 96.891 ⋆97.209 0.33
AZIP 94.309 ⋆95.73 1.51
Scalefree
ZIC 97.762 ⋆98.061 0.31
ZIP 93.774 ⋆97.569 4.05
RE 97.403 ⋆97.898 0.51
AZIP 93.994 ⋆97.274 3.49
Different
Chain
ZIC 97.123 ⋆97.393 0.41
ZIP 94.659 ⋆95.668 1.11
RE 96.923 ⋆97.301 0.41
AZIP 94.524 ⋆95.546 1.08
Fully
ZIC 97.254 ⋆97.491 0.37
ZIP 93.964 ⋆95.911 1.78
RE 96.918 ⋆97.261 0.47
AZIP 93.918 ⋆95.581 2.00
Ring
ZIC 97.311 ⋆97.619 0.38
ZIP 94.717 ⋆95.77 1.08
RE 97.087 ⋆97.338 0.28
AZIP 94.644 ⋆95.649 0.87
Star
ZIC 97.882 ⋆98.207 0.32
ZIP 93.443 ⋆97.738 4.54
RE 97.683 ⋆98.089 0.29
AZIP 93.306 ⋆97.657 4.78
Smallworld
ZIC 97.244 ⋆97.603 0.55
ZIP 94.289 ⋆96.011 1.86
RE 97.046 ⋆97.367 0.21
AZIP 94.332 ⋆95.668 1.31
Scalefree
ZIC 97.738 ⋆98.179 0.38
ZIP 94.305 ⋆97.628 3.60
RE 97.568 ⋆97.979 0.46
AZIP 94.037 ⋆97.532 3.37
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared,
a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.12: Last-10-day Global efficiency comparison in CH markets between ǫ-greedy
strategy and MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC 97.111 97.143 -
ZIP 94.433 ⋆95.723 1.37
RE 96.825 ⭐96.935 0.11
AZIP 94.11 ⋆95.402 1.37
Fully
ZIC 97.075 97.019 -
ZIP 93.711 ⋆96.038 2.48
RE 96.548 ⭐96.704 0.16
AZIP 93.976 ⋆95.704 1.84
Ring
ZIC ⋆97.318 96.969 -0.36
ZIP 94.599 ⋆95.581 1.04
RE ⋆97.07 96.843 -0.23
AZIP 94.982 ⋆95.323 0.36
Star
ZIC 97.817 97.906 0.09
ZIP 93.528 ⋆97.585 4.34
RE ⭐97.876 97.705 -0.17
AZIP 93.594 ⋆97.508 4.18
Smallworld
ZIC ⋆97.163 96.869 -0.30
ZIP 94.477 ⋆95.637 1.23
RE ⋆96.891 96.56 -0.34
AZIP 94.309 ⋆95.212 0.96
Scalefree
ZIC 97.762 97.848 -
ZIP 93.774 ⋆97.643 4.13
RE 97.403 ⋆97.703 0.31
AZIP 93.994 ⋆97.728 3.97
Different
Chain
ZIC 96.968 ⋆97.213 0.25
ZIP 94.541 ⋆95.402 0.91
RE 97.006 ⭐97.094 0.09
AZIP 94.592 ⋆95.335 0.79
Fully
ZIC 97.215 ⋆97.575 0.37
ZIP 94.108 ⋆96.142 2.16
RE 96.868 ⋆97.345 0.49
AZIP 93.808 ⋆95.679 1.99
Ring
ZIC ⋆97.295 97.12 -0.18
ZIP 94.811 ⋆95.17 0.38
RE 97.146 97.052 -
AZIP 94.789 ⋆95.326 0.57
Star
ZIC 97.964 97.867 -
ZIP 93.468 ⋆97.678 4.50
RE 97.707 ⋆97.822 0.12
AZIP 93.282 ⋆97.494 4.52
Smallworld
ZIC 97.176 ⭐97.252 0.08
ZIP 94.346 ⋆95.461 1.18
RE ⭐97.184 97.098 -0.09
AZIP 94.419 ⋆95.136 0.76
Scalefree
ZIC 97.819 ⋆98.082 0.27
ZIP 94.29 ⋆97.682 3.60
RE 97.537 ⋆97.759 0.23
AZIP 94.299 ⋆97.548 3.45
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.13: global efficiency comparison in CH markets between softmax strategy
and SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 94.803 ⋆95.538 0.78
ZIP 93.699 ⋆96.043 2.50
RE 95.185 ⋆95.802 0.65
AZIP 93.935 ⋆96.139 2.35
Fully
ZIC 96.267 ⋆96.71 0.46
ZIP 94.989 ⋆96.002 1.07
RE 96.23 ⋆96.827 0.62
AZIP 95.108 ⋆96.268 1.22
Ring
ZIC 94.983 ⋆95.784 0.84
ZIP 94.163 ⋆96.259 2.23
RE 95.077 ⋆95.776 0.74
AZIP 94.177 ⋆96.225 2.17
Star
ZIC 95.504 ⋆95.702 0.21
ZIP 93.868 ⋆96.085 2.36
RE 95.27 ⋆95.97 0.73
AZIP 93.959 ⋆96.127 2.31
Smallworld
ZIC 95.356 ⋆96.133 0.81
ZIP 94.15 ⋆96.47 2.46
RE 95.504 ⋆96.468 1.01
AZIP 94.622 ⋆96.657 2.15
Scalefree
ZIC 95.29 ⋆96.018 0.76
ZIP 94.162 ⋆96.396 2.37
RE 95.072 ⋆96.142 1.13
AZIP 94.192 ⋆96.458 2.41
Different
Chain
ZIC 95.42 ⋆95.538 0.12
ZIP 94.049 ⋆96.043 2.12
RE 95.06 ⋆95.802 0.78
AZIP 93.956 ⋆96.139 2.32
Fully
ZIC 96.248 ⋆96.71 0.48
ZIP 94.926 ⋆96.002 1.13
RE 96.044 ⋆96.827 0.82
AZIP 94.985 ⋆96.268 1.35
Ring
ZIC 94.949 ⋆95.784 0.88
ZIP 94.139 ⋆96.259 2.25
RE 95.116 ⋆95.776 0.69
AZIP 94.264 ⋆96.225 2.08
Star
ZIC 95.027 ⋆95.702 0.71
ZIP 94.23 ⋆96.085 1.97
RE 95.207 ⋆95.97 0.80
AZIP 94.175 ⋆96.127 2.07
Smallworld
ZIC 95.634 ⋆96.133 0.52
ZIP 94.471 ⋆96.47 2.12
RE 95.134 ⋆96.468 1.40
AZIP 94.453 ⋆96.657 2.33
Scalefree
ZIC 95.152 ⋆96.018 0.91
ZIP 94.245 ⋆96.396 2.28
RE 95.192 ⋆96.142 1.00
AZIP 94.109 ⋆96.458 2.50
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared,
a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.14: global efficiency comparison in CH markets between softmax strategy
and MHSF-SM
Charge Type Network Trading Strategy Softmax MHSF-SM ∆%
Same
Chain
ZIC 94.803 ⋆96.314 1.59
ZIP 93.699 ⋆96.347 2.83
RE 95.185 ⋆96.191 1.06
AZIP 93.935 ⋆96.678 2.92
Fully
ZIC 96.267 ⋆96.67 0.42
ZIP 94.989 ⋆95.962 1.02
RE 96.23 ⋆96.715 0.50
AZIP 95.108 ⋆96.224 1.17
Ring
ZIC 94.983 ⋆96.182 1.26
ZIP 94.163 ⋆96.483 2.46
RE 95.077 ⋆96.076 1.05
AZIP 94.177 ⋆96.692 2.67
Star
ZIC 95.504 ⋆96.334 0.87
ZIP 93.868 ⋆96.41 2.71
RE 95.27 ⋆96.501 1.29
AZIP 93.959 ⋆96.599 2.81
Smallworld
ZIC 95.356 ⋆96.423 1.12
ZIP 94.15 ⋆96.471 2.47
RE 95.504 ⋆96.638 1.19
AZIP 94.622 ⋆96.642 2.13
Scalefree
ZIC 95.29 ⋆96.19 0.94
ZIP 94.162 ⋆96.464 2.44
RE 95.072 ⋆96.335 1.33
AZIP 94.192 ⋆96.671 2.63
Different
Chain
ZIC 95.42 ⋆95.892 0.49
ZIP 94.049 ⋆96.427 2.53
RE 95.06 ⋆96.254 1.26
AZIP 93.956 ⋆96.57 2.78
Fully
ZIC 96.248 ⋆96.864 0.64
ZIP 94.926 ⋆95.956 1.09
RE 96.044 ⋆96.84 0.83
AZIP 94.985 ⋆96.197 1.28
Ring
ZIC 94.949 ⋆96.03 1.14
ZIP 94.139 ⋆96.466 2.47
RE 95.116 ⋆96.234 1.18
AZIP 94.264 ⋆96.746 2.63
Star
ZIC 95.027 ⋆96.243 1.28
ZIP 94.23 ⋆96.284 2.18
RE 95.207 ⋆96.187 1.03
AZIP 94.175 ⋆96.517 2.49
Smallworld
ZIC 95.634 ⋆96.155 0.54
ZIP 94.471 ⋆96.399 2.04
RE 95.134 ⋆96.511 1.45
AZIP 94.453 ⋆96.692 2.37
Scalefree
ZIC 95.152 ⋆96.087 0.98
ZIP 94.245 ⋆96.417 2.30
RE 95.192 ⋆96.447 1.32
AZIP 94.109 ⋆96.646 2.70
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.15: Last-10-day global efficiency comparison in CH markets between soft-
max strategy and SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 94.902 ⋆95.705 0.85
ZIP 93.975 ⋆96.263 2.43
RE 95.319 ⋆96.01 0.72
AZIP 94.181 ⋆96.482 2.44
Fully
ZIC 96.649 ⋆96.953 0.31
ZIP 95.194 ⋆95.441 0.26
RE 96.761 ⋆97.013 0.26
AZIP 95.148 ⋆95.916 0.81
Ring
ZIC 95.08 ⋆95.965 0.93
ZIP 94.405 ⋆96.405 2.12
RE 95.253 ⋆95.97 0.75
AZIP 94.37 ⋆96.517 2.28
Star
ZIC 95.715 ⋆95.967 0.26
ZIP 94.03 ⋆96.366 2.48
RE 95.51 ⋆96.301 0.83
AZIP 94.293 ⋆96.384 2.22
Smallworld
ZIC 95.522 ⋆96.288 0.80
ZIP 94.375 ⋆96.34 2.08
RE 95.698 ⋆96.6 0.94
AZIP 94.85 ⋆96.645 1.89
Scalefree
ZIC 95.566 ⋆96.154 0.62
ZIP 94.497 ⋆96.429 2.04
RE 95.294 ⋆96.333 1.09
AZIP 94.391 ⋆96.336 2.06
Different
Chain
ZIC 95.506 ⋆95.705 0.21
ZIP 94.107 ⋆96.263 2.29
RE 95.178 ⋆96.01 0.87
AZIP 94.154 ⋆96.482 2.47
Fully
ZIC 96.608 ⋆96.953 0.36
ZIP 95.433 ⭐95.441 -
RE 96.582 ⋆97.013 0.45
AZIP 95.399 ⋆95.916 0.54
Ring
ZIC 95.062 ⋆95.965 0.95
ZIP 94.331 ⋆96.405 2.20
RE 95.206 ⋆95.97 0.80
AZIP 94.394 ⋆96.517 2.25
Star
ZIC 95.232 ⋆95.967 0.77
ZIP 94.56 ⋆96.366 1.91
RE 95.453 ⋆96.301 0.89
AZIP 94.398 ⋆96.384 2.10
Smallworld
ZIC 95.797 ⋆96.288 0.51
ZIP 94.691 ⋆96.34 1.74
RE 95.33 ⋆96.6 1.33
AZIP 94.728 ⋆96.645 2.02
Scalefree
ZIC 95.404 ⋆96.154 0.79
ZIP 94.489 ⋆96.429 2.05
RE 95.38 ⋆96.333 1.00
AZIP 94.445 ⋆96.336 2.00
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared,
a positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.16: Last-10-day global efficiency comparison in CH markets between softmax
strategy and MHSF-SM
Charge Type Network Trading Strategy Softmax MHSF-SM ∆%
Same
Chain
ZIC 94.902 ⋆96.427 1.61
ZIP 93.975 ⋆96.34 2.52
RE 95.319 ⋆96.342 1.07
AZIP 94.181 ⋆96.842 2.83
Fully
ZIC 96.649 ⋆97.042 0.41
ZIP 95.194 ⋆95.44 0.26
RE 96.761 ⋆96.97 0.22
AZIP 95.148 ⋆95.828 0.71
Ring
ZIC 95.08 ⋆96.312 1.30
ZIP 94.405 ⋆96.431 2.15
RE 95.253 ⋆96.251 1.05
AZIP 94.37 ⋆96.663 2.43
Star
ZIC 95.715 ⋆96.584 0.91
ZIP 94.03 ⋆96.106 2.21
RE 95.51 ⋆96.773 1.32
AZIP 94.293 ⋆96.46 2.30
Smallworld
ZIC 95.522 ⋆96.584 1.11
ZIP 94.375 ⋆96.139 1.87
RE 95.698 ⋆96.802 1.15
AZIP 94.85 ⋆96.445 1.68
Scalefree
ZIC 95.566 ⋆96.43 0.90
ZIP 94.497 ⋆96.247 1.85
RE 95.294 ⋆96.663 1.44
AZIP 94.391 ⋆96.569 2.31
Different
Chain
ZIC 95.506 ⋆95.964 0.48
ZIP 94.107 ⋆96.451 2.49
RE 95.178 ⋆96.388 1.27
AZIP 94.154 ⋆96.743 2.75
Fully
ZIC 96.608 ⋆97.137 0.55
ZIP 95.433 ⋆95.55 0.12
RE 96.582 ⋆97.042 0.48
AZIP 95.399 ⋆95.71 0.33
Ring
ZIC 95.062 ⋆96.163 1.16
ZIP 94.331 ⋆96.57 2.37
RE 95.206 ⋆96.393 1.25
AZIP 94.394 ⋆96.733 2.48
Star
ZIC 95.232 ⋆96.422 1.25
ZIP 94.56 ⋆96.084 1.61
RE 95.453 ⋆96.485 1.08
AZIP 94.398 ⋆96.658 2.39
Smallworld
ZIC 95.797 ⋆96.318 0.54
ZIP 94.691 ⋆96.272 1.67
RE 95.33 ⋆96.789 1.53
AZIP 94.728 ⋆96.704 2.09
Scalefree
ZIC 95.404 ⋆96.375 1.02
ZIP 94.489 ⋆96.165 1.77
RE 95.38 ⋆96.74 1.43
AZIP 94.445 ⋆96.484 2.16
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Figure B.97: MHSF-EG VS SF-EG in chain networks with CDA markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid
line indicates MHSF-EG.




































Figure B.98: MHSF-EG VS SF-EG in fully connected networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while
solid line indicates MHSF-EG.




































Figure B.99: MHSF-EG VS SF-EG in ring networks with CDA markets. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.
B.2 Transfer learning using local information VS transfer learning
using global information
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Figure B.100: MHSF-EG VS SF-EG in star networks with CDA markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid
line indicates MHSF-EG.




































Figure B.101: MHSF-EG VS SF-EG in small-world networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while
solid line indicates MHSF-EG.




































Figure B.102: MHSF-EG VS SF-EG in scale-free networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while
solid line indicates MHSF-EG.
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Figure B.103: MHSF-EG VS SF-EG in chain networks with CH markets. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.




































Figure B.104: MHSF-EG VS SF-EG in fully connected networks with CH markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while
solid line indicates MHSF-EG.




































Figure B.105: MHSF-EG VS SF-EG in ring networks with CH markets. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.
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Figure B.106: MHSF-EG VS SF-EG in star networks with CH markets. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.




































Figure B.107: MHSF-EG VS SF-EG in small-world networks with CH markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while
solid line indicates MHSF-EG.




































Figure B.108: MHSF-EG VS SF-EG in scale-free networks with CH markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid
line indicates MHSF-EG.
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Figure B.109: MHSF-EG VS SF-EG in chain networks with CDA markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure B.110: MHSF-EG VS SF-EG in fully connected networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure B.111: MHSF-EG VS SF-EG in ring networks with CDA markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.
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Figure B.112: MHSF-EG VS SF-EG in star networks with CDA markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure B.113: MHSF-EG VS SF-EG in small-world networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure B.114: MHSF-EG VS SF-EG in scale-free networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates SF-EG, while solid line indicates MHSF-EG.
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Figure B.115: MHSF-EG VS SF-EG in chain networks with CH markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure B.116: MHSF-EG VS SF-EG in fully connected networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure B.117: MHSF-EG VS SF-EG in ring networks with CH markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.
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Figure B.118: MHSF-EG VS SF-EG in star networks with CH markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure B.119: MHSF-EG VS SF-EG in small-world networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure B.120: MHSF-EG VS SF-EG in scale-free networks with CH markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.
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Figure B.121: MHSF-SM VS SF-SM in chain networks with CDA markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid
line indicates MHSF-SM.




































Figure B.122: MHSF-SM VS SF-SM in fully connected networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while
solid line indicates MHSF-SM.




































Figure B.123: MHSF-SM VS SF-SM in ring networks with CDA markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid
line indicates MHSF-SM.
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Figure B.124: MHSF-SM VS SF-SM in star networks with CDA markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid
line indicates MHSF-SM.




































Figure B.125: MHSF-SM VS SF-SM in small-world networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while
solid line indicates MHSF-SM.




































Figure B.126: MHSF-SM VS SF-SM in scale-free networks with CDA markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while
solid line indicates MHSF-SM.
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Figure B.127: MHSF-SM VS SF-SM in chain networks with CH markets. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.




































Figure B.128: MHSF-SM VS SF-SM in fully connected networks with CH markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while
solid line indicates MHSF-SM.




































Figure B.129: MHSF-SM VS SF-SM in ring networks with CH markets. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.
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Figure B.130: MHSF-SM VS SF-SM in star networks with CH markets. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.




































Figure B.131: MHSF-SM VS SF-SM in small-world networks with CH markets. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while
solid line indicates MHSF-SM.




































Figure B.132: MHSF-SM VS SF-SM in scale-free networks with CH markets. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid
line indicates MHSF-SM.
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Figure B.133: MHSF-SM VS SF-SM in chain networks with CDA markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure B.134: MHSF-SM VS SF-SM in fully connected networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure B.135: MHSF-SM VS SF-SM in ring networks with CDA markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.
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Figure B.136: MHSF-SM VS SF-SM in star networks with CDA markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure B.137: MHSF-SM VS SF-SM in small-world networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure B.138: MHSF-SM VS SF-SM in scale-free networks with CDA markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates SF-SM, while solid line indicates MHSF-SM.
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Figure B.139: MHSF-SM VS SF-SM in chain networks with CH markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure B.140: MHSF-SM VS SF-SM in fully connected networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure B.141: MHSF-SM VS SF-SM in ring networks with CH markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.
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Figure B.142: MHSF-SM VS SF-SM in star networks with CH markets. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure B.143: MHSF-SM VS SF-SM in small-world networks with CH markets. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure B.144: MHSF-SM VS SF-SM in scale-free networks with CH markets. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.
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Table B.17: Global efficiency comparison between SF-EG and MHSF-EG
Charge Type Network Trading Strategy SF-EG MHSF-EG ∆%
Same
Chain
ZIC 91.542 ⋆91.969 -0.46
ZIP ⋆88.82 87.834 1.12
RE ⭐92.812 92.803 0.01
AZIP ⋆88.92 87.95 1.10
Fully
ZIC ⋆92.816 92.557 0.28
ZIP 87.2 87.183 -
RE ⋆93.243 92.989 0.27
AZIP 87.186 87.136 -
Ring
ZIC 91.725 ⋆91.961 -0.26
ZIP ⋆88.829 87.792 1.18
RE ⋆92.931 92.863 0.07
AZIP ⋆88.726 87.858 0.99
Star
ZIC ⋆93.059 92.792 0.29
ZIP ⋆91.659 91.335 0.35
RE ⋆93.988 93.753 0.25
AZIP ⋆90.774 89.564 1.35
Smallworld
ZIC 92.019 ⋆92.576 -0.60
ZIP ⋆88.297 87.039 1.45
RE 93.051 ⋆93.074 -0.02
AZIP ⋆88.341 87.074 1.46
Scalefree
ZIC ⋆92.829 92.692 0.15
ZIP 91.15 ⋆91.469 -0.35
RE ⋆93.685 93.576 0.12
AZIP ⋆91.231 90.608 0.69
Different
Chain
ZIC 91.791 ⋆92.019 -0.25
ZIP ⋆88.6 87.825 0.88
RE 93.006 ⋆93.059 -0.06
AZIP ⋆88.637 88.032 0.69
Fully
ZIC ⋆93.252 93.158 0.10
ZIP ⭐87.115 87.048 0.08
RE ⋆93.783 93.673 0.12
AZIP ⭐87.251 87.172 0.09
Ring
ZIC 91.839 ⋆92.21 -0.40
ZIP ⋆88.793 87.8 1.13
RE ⋆93.162 93.128 0.04
AZIP ⋆88.868 87.951 1.04
Star
ZIC ⋆94.569 93.766 0.86
ZIP 91.414 91.349 0.07
RE ⋆95.014 94.47 0.58
AZIP ⋆90.878 89.564 1.47
Smallworld
ZIC 92.38 ⋆93 -0.67
ZIP ⋆88.343 87.017 1.52
RE 93.447 ⋆93.494 -0.05
AZIP ⋆88.496 87.163 1.53
Scalefree
ZIC 93.611 ⋆93.633 -0.02
ZIP ⋆91.646 91.476 0.19
RE ⋆94.238 94.169 0.07
AZIP ⭐91.162 90.893 0.30
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.18: Last-10-day global efficiency comparison between SF-EG and MHSF-EG
Charge Type Network Trading Strategy SF-EG MHSF-EG ∆%
Same
Chain
ZIC 91.911 ⋆92.982 -1.15
ZIP ⋆90.223 88.913 1.47
RE 93.455 ⭐93.59 -0.14
AZIP ⋆90.061 88.908 1.30
Fully
ZIC ⭐93.901 93.796 0.11
ZIP 88.995 88.736 -
RE ⋆94.322 93.988 0.36
AZIP 88.506 88.971 -
Ring
ZIC 92.248 ⋆93.139 -0.96
ZIP ⭐89.596 88.987 0.68
RE 93.425 ⋆93.758 -0.36
AZIP ⭐89.997 89.214 0.88
Star
ZIC 93.575 ⋆93.955 -0.40
ZIP 93.606 ⋆95.189 -1.66
RE 94.591 ⋆94.766 -0.18
AZIP ⭐93.903 92.082 1.98
Smallworld
ZIC 92.815 ⋆94.069 -1.33
ZIP 89.337 88.707 -
RE 93.656 ⋆94.109 -0.48
AZIP ⭐89.49 88.705 0.88
Scalefree
ZIC 93.525 ⋆93.885 -0.38
ZIP 93.073 ⭐93.846 -0.82
RE 94.264 ⋆94.607 -0.36
AZIP 93.931 93.797 -
Different
Chain
ZIC 92.299 ⋆93.22 -0.99
ZIP ⋆89.74 88.927 0.91
RE 93.662 ⋆94.053 -0.42
AZIP ⋆89.985 89.064 1.03
Fully
ZIC ⭐94.692 94.515 0.19
ZIP 88.279 ⭐89.044 -0.86
RE ⋆95.059 94.891 0.18
AZIP 89.334 89.621 -
Ring
ZIC 92.417 ⋆93.422 -1.08
ZIP ⋆89.96 89.145 0.91
RE 94.043 ⋆94.229 -0.20
AZIP 89.897 89.42 -
Star
ZIC ⋆95.535 95.303 0.24
ZIP 94.494 ⭐95.327 -0.87
RE 96.043 95.961 -
AZIP ⭐94.615 93.013 1.72
Smallworld
ZIC 93.291 ⋆94.349 -1.12
ZIP ⋆89.874 88.618 1.42
RE 94.271 ⋆94.576 -0.32
AZIP ⋆89.812 88.347 1.66
Scalefree
ZIC 94.598 ⋆95.12 -0.55
ZIP 94.225 94.583 -0.38
RE 94.977 ⋆95.765 -0.82
AZIP 93.824 ⋆94.649 -0.87
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.19: Global efficiency comparison between SF-SM and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 89.721 ⋆90.601 -0.97
ZIP ⭐90.542 90.473 0.08
RE 91.49 ⋆92.098 -0.66
AZIP 90.834 90.854 -
Fully
ZIC 91.131 ⋆91.172 -0.04
ZIP ⋆89.778 89.626 0.17
RE ⋆92.729 92.652 0.08
AZIP 90.087 90.079 0.01
Ring
ZIC 89.982 ⋆90.659 -0.75
ZIP ⋆90.712 90.476 0.26
RE 91.729 ⋆92.177 -0.49
AZIP 90.878 90.874 -
Star
ZIC 89.762 ⋆90.962 -1.32
ZIP ⋆91.044 90.493 0.61
RE 91.608 ⋆92.381 -0.84
AZIP ⋆91.114 90.845 0.30
Smallworld
ZIC 90.444 ⋆91.102 -0.72
ZIP ⋆90.727 90.189 0.60
RE 92.156 ⋆92.437 -0.30
AZIP ⋆91.052 90.746 0.34
Scalefree
ZIC 90.249 ⋆90.85 -0.66
ZIP ⋆90.857 90.276 0.64
RE 91.861 ⋆92.3 -0.48
AZIP ⋆91.059 90.799 0.29
Different
Chain
ZIC 89.721 ⋆90.126 -0.45
ZIP 90.542 90.551 -
RE 91.49 ⋆92.363 -0.95
AZIP 90.834 ⋆90.915 -0.09
Fully
ZIC 91.131 ⭐91.156 -0.03
ZIP ⋆89.778 89.637 0.16
RE 92.729 ⋆92.839 -0.12
AZIP 90.087 90.092 -
Ring
ZIC 89.982 ⋆90.685 -0.78
ZIP ⭐90.712 90.627 0.09
RE 91.729 ⋆92.417 -0.74
AZIP 90.878 90.848 -
Star
ZIC 89.762 ⋆90.794 -1.14
ZIP ⋆91.044 90.459 0.65
RE 91.608 ⋆92.445 -0.91
AZIP ⋆91.114 90.883 0.25
Smallworld
ZIC 90.444 ⋆90.997 -0.61
ZIP ⋆90.727 90.328 0.44
RE 92.156 ⋆92.605 -0.48
AZIP ⋆91.052 90.652 0.44
Scalefree
ZIC 90.249 ⋆90.904 -0.72
ZIP ⋆90.857 90.307 0.61
RE 91.861 ⋆92.614 -0.81
AZIP ⋆91.059 90.772 0.32
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.20: Last-10-day global efficiency comparison between SF-SM and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 89.987 ⋆90.776 -0.87
ZIP 90.868 90.723 0.16
RE 91.771 ⋆92.317 -0.59
AZIP 91.092 91.035 -
Fully
ZIC 91.196 ⋆91.372 -0.19
ZIP 89.047 88.96 -
RE 92.87 92.848 -
AZIP 89.288 89.301 -
Ring
ZIC 90.238 ⋆90.76 -0.58
ZIP ⭐90.93 90.304 0.69
RE 92.055 ⋆92.445 -0.42
AZIP 91.159 91.074 -
Star
ZIC 90.371 ⋆91.065 -0.76
ZIP ⋆91.099 90.514 0.65
RE 92.159 ⋆92.593 -0.47
AZIP ⋆91.519 90.964 0.61
Smallworld
ZIC 90.615 ⋆91.222 -0.67
ZIP 90.546 90.23 -
RE 92.396 ⋆92.699 -0.33
AZIP 91.199 90.874 0.36
Scalefree
ZIC 90.482 ⋆91.02 -0.59
ZIP ⋆90.805 90.013 0.88
RE 92.266 ⋆92.649 -0.41
AZIP ⭐91.275 90.715 0.62
Different
Chain
ZIC 89.987 ⋆90.296 -0.34
ZIP 90.868 90.511 -
RE 91.771 ⋆92.527 -0.82
AZIP 91.092 91.059 -
Fully
ZIC 91.196 91.225 -
ZIP 89.047 88.898 -
RE 92.87 92.882 -
AZIP 89.288 ⭐89.753 -0.52
Ring
ZIC 90.238 ⋆90.906 -0.73
ZIP 90.93 90.645 -
RE 92.055 ⋆92.679 -0.67
AZIP 91.159 91.382 -
Star
ZIC 90.371 ⋆90.983 -0.67
ZIP ⋆91.099 90.078 1.13
RE 92.159 ⋆92.758 -0.65
AZIP ⭐91.519 91.034 0.53
Smallworld
ZIC 90.615 ⋆91.079 -0.51
ZIP ⭐90.546 90.104 0.49
RE 92.396 ⋆92.799 -0.43
AZIP ⋆91.199 90.314 0.98
Scalefree
ZIC 90.482 ⋆91.054 -0.63
ZIP ⋆90.805 89.99 0.91
RE 92.266 ⋆92.831 -0.61
AZIP ⭐91.275 90.674 0.66
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.21: Global efficiency comparison in CH markets between SF-EG and MHSF-
EG
Charge Type Network Trading Strategy SF-EG MHSF-EG ∆%
Same
Chain
ZIC ⋆96.756 96.625 0.14
ZIP ⋆95.087 94.871 0.23
RE ⋆96.505 96.447 0.06
AZIP ⋆94.999 94.735 0.28
Fully
ZIC 96.594 96.59 -
ZIP 94.783 94.772 -
RE 96.291 96.296 -
AZIP 94.455 94.431 -
Ring
ZIC ⋆96.926 96.496 0.45
ZIP ⋆95.186 94.741 0.47
RE ⋆96.759 96.37 0.40
AZIP ⋆95.092 94.641 0.48
Star
ZIC ⋆97.654 97.286 0.38
ZIP ⋆97.044 96.798 0.25
RE ⋆97.523 97.162 0.37
AZIP ⋆96.985 96.746 0.25
Smallworld
ZIC ⋆96.809 96.362 0.46
ZIP ⋆95.086 94.618 0.49
RE ⋆96.647 96.123 0.55
AZIP ⋆94.964 94.353 0.65
Scalefree
ZIC ⋆97.438 97.17 0.28
ZIP ⋆96.742 96.562 0.19
RE ⋆97.25 96.943 0.32
AZIP ⋆96.567 96.491 0.08
Different
Chain
ZIC ⋆96.763 96.589 0.18
ZIP ⋆95.169 94.73 0.46
RE ⋆96.726 96.52 0.21
AZIP ⋆94.951 94.638 0.33
Fully
ZIC ⋆96.879 96.865 0.01
ZIP ⋆94.743 94.712 0.03
RE 96.624 96.614 -
AZIP ⋆94.487 94.413 0.08
Ring
ZIC ⋆96.995 96.611 0.40
ZIP ⋆95.154 94.731 0.45
RE ⋆96.752 96.491 0.27
AZIP ⋆95.061 94.591 0.50
Star
ZIC ⋆97.695 97.368 0.34
ZIP ⋆97.018 96.827 0.20
RE ⋆97.592 97.276 0.32
AZIP ⋆96.969 96.752 0.22
Smallworld
ZIC ⋆96.984 96.565 0.43
ZIP ⋆95.075 94.582 0.52
RE ⋆96.751 96.405 0.36
AZIP ⋆94.867 94.319 0.58
Scalefree
ZIC ⋆97.563 97.224 0.35
ZIP ⋆96.727 96.56 0.17
RE ⋆97.381 97.116 0.27
AZIP ⋆96.538 96.398 0.15
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.22: Last-10-day Global efficiency comparison in CH markets between SF-EG
and MHSF-EG
Charge Type Network Trading Strategy SF-EG MHSF-EG ∆%
Same
Chain
ZIC ⋆97.443 97.143 0.31
ZIP 95.849 95.723 -
RE ⋆97.118 96.935 0.19
AZIP ⋆95.721 95.402 0.33
Fully
ZIC 97.132 97.019 -
ZIP 96.054 96.038 -
RE ⭐96.829 96.704 0.13
AZIP 95.65 95.704 -
Ring
ZIC ⋆97.503 96.969 0.55
ZIP ⋆95.832 95.581 0.26
RE ⋆97.322 96.843 0.49
AZIP ⋆95.785 95.323 0.48
Star
ZIC ⋆98.126 97.906 0.22
ZIP ⋆97.88 97.585 0.30
RE ⋆98.093 97.705 0.40
AZIP ⋆97.508 97.708 0.21
Smallworld
ZIC ⋆97.347 96.869 0.49
ZIP ⋆95.952 95.637 0.33
RE ⋆97.209 96.56 0.67
AZIP ⋆95.73 95.212 0.54
Scalefree
ZIC ⋆98.061 97.848 0.22
ZIP 97.569 97.643 -
RE ⋆97.898 97.703 0.20
AZIP 97.274 ⋆97.728 -0.46
Different
Chain
ZIC ⋆97.369 97.213 0.16
ZIP ⋆95.587 95.402 0.19
RE ⋆97.405 97.094 0.32
AZIP ⋆95.616 95.335 0.29
Fully
ZIC 97.572 97.575 -
ZIP 95.781 ⋆96.142 -0.38
RE 97.326 97.345 -
AZIP 95.682 95.679 -
Ring
ZIC ⋆97.667 97.12 0.56
ZIP ⋆95.834 95.17 0.70
RE ⋆97.421 97.052 0.38
AZIP ⋆95.617 95.326 0.31
Star
ZIC ⋆98.279 97.867 0.42
ZIP 97.713 97.678 -
RE ⭐97.995 97.822 0.18
AZIP ⋆97.737 97.494 0.25
Smallworld
ZIC ⋆97.71 97.252 0.47
ZIP ⋆96.101 95.461 0.67
RE ⋆97.39 97.098 0.30
AZIP ⋆95.657 95.136 0.55
Scalefree
ZIC ⋆98.189 98.082 0.11
ZIP 97.68 97.682 -
RE ⋆97.987 97.759 0.23
AZIP 97.481 97.548 -
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.23: global efficiency comparison in CH markets between SF-SM and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 95.538 ⋆96.314 -0.81
ZIP 96.043 ⋆96.347 -0.32
RE 95.802 ⋆96.191 -0.40
AZIP 96.139 ⋆96.678 -0.56
Fully
ZIC ⋆96.71 96.67 0.04
ZIP ⋆96.002 95.962 0.04
RE ⋆96.827 96.715 0.12
AZIP ⋆96.268 96.224 0.05
Ring
ZIC 95.784 ⋆96.182 -0.41
ZIP 96.259 ⋆96.483 -0.23
RE 95.776 ⋆96.076 -0.31
AZIP 96.225 ⋆96.692 -0.48
Star
ZIC 95.702 ⋆96.334 -0.66
ZIP 96.085 ⋆96.41 -0.34
RE 95.97 ⋆96.501 -0.55
AZIP 96.127 ⋆96.599 -0.49
Smallworld
ZIC 96.133 ⋆96.423 -0.30
ZIP 96.47 96.471 -
RE 96.468 ⋆96.638 -0.18
AZIP 96.657 96.642 -
Scalefree
ZIC 96.018 ⋆96.19 -0.18
ZIP 96.396 ⋆96.464 -0.07
RE 96.142 ⋆96.335 -0.20
AZIP 96.458 ⋆96.671 -0.22
Different
Chain
ZIC 95.538 ⋆95.892 -0.37
ZIP 96.043 ⋆96.427 -0.40
RE 95.802 ⋆96.254 -0.47
AZIP 96.139 ⋆96.57 -0.45
Fully
ZIC ⋆96.71 96.864 -0.16
ZIP 96.002 ⋆95.956 0.05
RE ⋆96.827 96.84 -0.01
AZIP 96.268 ⋆96.197 0.07
Ring
ZIC 95.784 ⋆96.03 -0.26
ZIP 96.259 ⋆96.466 -0.21
RE 95.776 ⋆96.234 -0.48
AZIP 96.225 ⋆96.746 -0.54
Star
ZIC 95.702 ⋆96.243 -0.56
ZIP 96.085 ⋆96.284 -0.21
RE 95.97 ⋆96.187 -0.23
AZIP 96.127 ⋆96.517 -0.40
Smallworld
ZIC 96.133 ⭐96.155 -0.02
ZIP ⋆96.47 96.399 0.07
RE 96.468 ⋆96.511 -0.04
AZIP 96.657 ⋆96.692 -0.04
Scalefree
ZIC 96.018 ⋆96.087 -0.07
ZIP 96.396 ⋆96.417 -0.02
RE 96.142 ⋆96.447 -0.32
AZIP 96.458 ⋆96.646 -0.19
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
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Table B.24: Last-10-day global efficiency comparison in CH markets between SF-SM
and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 95.705 ⋆96.427 -0.75
ZIP 96.263 96.34 -
RE 96.01 ⋆96.342 -0.34
AZIP 96.482 ⋆96.842 -0.37
Fully
ZIC 96.953 ⭐97.042 -0.09
ZIP 95.441 95.44 -
RE 97.013 96.97 -
AZIP 95.916 95.828 -
Ring
ZIC 95.965 ⋆96.312 -0.36
ZIP 96.405 96.431 -
RE 95.97 ⋆96.251 -0.29
AZIP 96.517 ⭐96.663 -0.15
Star
ZIC 95.967 ⋆96.584 -0.64
ZIP ⭐96.366 96.106 0.27
RE 96.301 ⋆96.773 -0.49
AZIP 96.384 96.46 -
Smallworld
ZIC 96.288 ⋆96.584 -0.31
ZIP ⭐96.34 96.139 0.21
RE 96.6 ⋆96.802 -0.21
AZIP ⭐96.645 96.445 0.21
Scalefree
ZIC 96.154 ⋆96.43 -0.29
ZIP 96.429 96.247 -
RE 96.333 ⋆96.663 -0.34
AZIP 96.336 ⭐96.569 -0.24
Different
Chain
ZIC 95.705 ⭐95.964 -0.27
ZIP 96.263 ⋆96.451 -0.19
RE 96.01 ⋆96.388 -0.39
AZIP 96.482 ⋆96.743 -0.27
Fully
ZIC 96.953 ⋆97.137 -0.19
ZIP 95.441 ⭐95.55 -0.11
RE 97.013 ⭐97.042 -0.03
AZIP ⭐95.916 95.71 0.22
Ring
ZIC 95.965 ⋆96.163 -0.21
ZIP 96.405 ⭐96.57 -0.17
RE 95.97 ⋆96.393 -0.44
AZIP 96.517 ⋆96.733 -0.22
Star
ZIC 95.967 ⋆96.422 -0.47
ZIP ⭐96.366 96.084 0.29
RE 96.301 ⋆96.485 -0.19
AZIP 96.384 ⋆96.658 -0.28
Smallworld
ZIC 96.288 96.318 -
ZIP ⭐96.34 96.272 0.07
RE 96.6 ⋆96.789 -0.20
AZIP 96.645 96.704 -
Scalefree
ZIC 96.154 ⋆96.375 -0.23
ZIP ⭐96.429 96.165 0.27
RE 96.333 ⋆96.74 -0.42
AZIP 96.336 ⭐96.484 -0.15
On a given row, numbers with ⋆ indicate that the global efficiency is significantly higher at the 95% level for
both family-wise and pair-wise tests, numbers with ⭐ indicate that the global efficiency is significantly higher
at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a positive
∆% value indicates the global efficiency of the transfer learning strategy is higher.
Appendix C
Results of Chapter 5 - Coefficient of
Convergence
Results shown here are related to the results of Sections 5.4.1.2 and 5.4.2.2.
C.1 Non transfer learning VS transfer learning
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Figure C.1: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in chain networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure C.2: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in fully connected networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure C.3: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in ring networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).
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Figure C.4: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure C.5: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure C.6: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).
Appendix C. Results of Chapter 5 - Coefficient of Convergence 325




































Figure C.7: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in chain networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure C.8: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in fully connected networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure C.9: Transfer learning market selection strategy (SF-EG) VS non-transfer learning market
selection strategy (ǫ-greedy strategy) in ring networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).
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Figure C.10: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in star networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5 regis-
tration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy
(ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure C.11: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in small-world networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).




































Figure C.12: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in scale-free networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (sf-eg).
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Figure C.13: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in chain networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure C.14: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in fully connected networks with CDA markets. The
x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure C.15: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).
Appendix C. Results of Chapter 5 - Coefficient of Convergence 328




































Figure C.16: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in star networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure C.17: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. The
x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure C.18: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).
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Figure C.19: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in chain networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure C.20: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in fully connected networks with CH markets. The
x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure C.21: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in ring networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).
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Figure C.22: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in star networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure C.23: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in small-world networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).




































Figure C.24: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in scale-free networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (ǫ-greedy strategy), while solid line indicates transfer learning strategy (mhsf-eg).
Appendix C. Results of Chapter 5 - Coefficient of Convergence 331




































Figure C.25: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).




































Figure C.26: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in fully connected networks with CDA markets. The
x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the
dotted line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates
transfer learning strategy (sf-eg).




































Figure C.27: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).
Appendix C. Results of Chapter 5 - Coefficient of Convergence 332




































Figure C.28: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in star networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).




































Figure C.29: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).




































Figure C.30: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).
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Figure C.31: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in chain networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).




































Figure C.32: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in fully connected networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).




































Figure C.33: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in ring networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).
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Figure C.34: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in star networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).




































Figure C.35: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in small-world networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).




































Figure C.36: Transfer learning market selection strategy (SF-EG) VS non-transfer learning mar-
ket selection strategy (ǫ-greedy strategy) in scale-free networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (sf-eg).
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Figure C.37: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in chain networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).




































Figure C.38: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in fully connected networks with CDA markets. The
x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the
dotted line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates
transfer learning strategy (mhsf-eg).




































Figure C.39: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).
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Figure C.40: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in star networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).




































Figure C.41: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in small-world networks with CDA markets. The
x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the
dotted line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates
transfer learning strategy (mhsf-eg).




































Figure C.42: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in scale-free networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).
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Figure C.43: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in chain networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).




































Figure C.44: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in fully connected networks with CH markets. The
x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the
dotted line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates
transfer learning strategy (mhsf-eg).




































Figure C.45: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in ring networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).
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Figure C.46: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in star networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).




































Figure C.47: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in small-world networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).




































Figure C.48: Transfer learning market selection strategy (MHSF-EG) VS non-transfer learning
market selection strategy (ǫ-greedy strategy) in scale-free networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (ǫ-greedy strategy), while solid line indicates transfer
learning strategy (mhsf-eg).
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Figure C.49: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure C.50: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in fully connected networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure C.51: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).
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Figure C.52: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in star networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure C.53: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in small-world networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure C.54: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).
Appendix C. Results of Chapter 5 - Coefficient of Convergence 341




































Figure C.55: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in chain networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure C.56: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in fully connected networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure C.57: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in ring networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5 regis-
tration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy
(softmax strategy), while solid line indicates transfer learning strategy (sf-sm).
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Figure C.58: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in star networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5 regis-
tration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning strategy
(softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure C.59: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in small-world networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).




































Figure C.60: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in scale-free networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (sf-sm).
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Figure C.61: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure C.62: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in fully connected networks with CDA markets. The
x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure C.63: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).
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Figure C.64: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in star networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure C.65: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in small-world networks with CDA markets. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure C.66: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in scale-free networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).
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Figure C.67: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in chain networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure C.68: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in fully connected networks with CH markets. The
x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer
learning strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure C.69: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in ring networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).
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Figure C.70: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in star networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure C.71: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in small-world networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).




































Figure C.72: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in scale-free networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates non-transfer learning
strategy (softmax strategy), while solid line indicates transfer learning strategy (mhsf-sm).
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Figure C.73: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure C.74: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in fully connected networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure C.75: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).
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Figure C.76: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in star networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure C.77: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in small-world networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure C.78: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).
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Figure C.79: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in chain networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure C.80: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in fully connected networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure C.81: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in ring networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).
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Figure C.82: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in star networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure C.83: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in small-world networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).




































Figure C.84: Transfer learning market selection strategy (SF-SM) VS non-transfer learning mar-
ket selection strategy (softmax strategy) in scale-free networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (sf-sm).
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Figure C.85: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (mhsf-sm).




































Figure C.86: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in fully connected networks with CDA markets. The
x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (mhsf-sm).




































Figure C.87: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (mhsf-sm).
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Figure C.88: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in star networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (mhsf-sm).




































Figure C.89: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in small-world networks with CDA markets. The x-
axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (mhsf-sm).




































Figure C.90: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in scale-free networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (mhsf-sm).
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Figure C.91: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in chain networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (mhsf-sm).




































Figure C.92: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in fully connected networks with CH markets. The
x-axis gives the trading day, and the y-axis gives the global coefficient of convergence. All markets
charge 0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot,
the dotted line indicates non-transfer learning strategy (softmax strategy), while solid line indicates
transfer learning strategy (mhsf-sm).




































Figure C.93: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in ring networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (mhsf-sm).
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Figure C.94: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in star networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (mhsf-sm).




































Figure C.95: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in small-world networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (mhsf-sm).




































Figure C.96: Transfer learning market selection strategy (MHSF-SM) VS non-transfer learning
market selection strategy (softmax strategy) in scale-free networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates non-transfer learning strategy (softmax strategy), while solid line indicates transfer
learning strategy (mhsf-sm).
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Table C.1: Global coefficient of convergence comparison between ǫ-greedy strategy
and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 22.139 ⋆21.671 2.11
ZIP 10.126 ⋆9.0123 11.00
RE 19.776 ⋆19.428 1.76
AZIP 9.7579 ⋆9.1255 6.48
Fully
ZIC 22.136 ⋆20.597 6.95
ZIP 10.411 ⋆9.491 8.84
RE 19.828 ⋆19.002 4.17
AZIP 10.251 ⋆9.8811 3.61
Ring
ZIC 22.141 ⋆21.631 2.30
ZIP 9.7894 ⋆8.8185 9.92
RE 19.737 ⋆19.385 1.78
AZIP 9.6564 ⋆9.0018 6.78
Star
ZIC 21.837 ⋆21.194 2.94
ZIP 7.963 ⋆7.0284 11.74
RE 19.426 ⋆19.144 1.45
AZIP 7.9424 ⋆7.4176 6.61
Smallworld
ZIC 22.074 ⋆21.386 3.12
ZIP 10.101 ⋆9.011 10.79
RE 19.765 ⋆19.286 2.42
AZIP 9.8694 ⋆9.2587 6.19
Scalefree
ZIC 21.964 ⋆21.151 3.70
ZIP 8.1464 ⋆7.7943 4.32
RE 19.589 ⋆19.176 2.11
AZIP 7.8123 7.8774 -
Different
Chain
ZIC 22.236 ⋆21.643 2.67
ZIP 10.152 ⋆9.2011 9.37
RE 19.77 ⋆19.291 2.42
AZIP 9.7348 ⋆9.29 4.57
Fully
ZIC 22.257 ⋆20.453 8.11
ZIP 10.487 ⋆9.5748 8.70
RE 19.853 ⋆18.811 5.25
AZIP 10.157 ⋆9.8908 2.62
Ring
ZIC 22.226 ⋆21.63 2.68
ZIP 9.8731 ⋆8.8541 10.32
RE 19.781 ⋆19.25 2.68
AZIP 9.7074 ⋆8.9328 7.98
Star
ZIC 21.945 ⋆20.362 7.21
ZIP 8.1041 ⋆7.114 12.22
RE 19.462 ⋆18.836 3.22
AZIP 7.9966 ⋆7.3857 7.64
Smallworld
ZIC 22.246 ⋆21.268 4.40
ZIP 10.054 ⋆9.0636 9.85
RE 19.81 ⋆19.145 3.36
AZIP 9.7914 ⋆9.1644 6.40
Scalefree
ZIC 22.057 ⋆20.787 5.76
ZIP 8.1536 ⋆7.5513 7.39
RE 19.629 ⋆18.966 3.38
AZIP 7.9345 ⋆7.9232 0.14
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.2: Global coefficient of convergence comparison between ǫ-greedy strategy and
MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC 22.139 ⋆21.129 4.56
ZIP 10.126 ⋆9.4526 6.65
RE 19.776 ⋆19.213 2.85
AZIP 9.7579 ⋆9.6161 1.45
Fully
ZIC 22.136 ⋆20.729 6.36
ZIP 10.411 ⋆9.5269 8.49
RE 19.828 ⋆19.089 3.73
AZIP 10.251 ⋆9.8903 3.52
Ring
ZIC 22.141 ⋆21.024 5.04
ZIP 9.7894 ⋆9.4544 3.42
RE 19.737 ⋆19.168 2.88
AZIP 9.6564 9.6403 -
Star
ZIC 21.837 ⋆20.2 7.50
ZIP 7.963 ⋆6.7175 15.64
RE 19.426 ⋆18.515 4.69
AZIP 7.9424 ⋆7.7392 2.56
Smallworld
ZIC 22.074 ⋆20.535 6.97
ZIP 10.101 ⋆9.8697 2.29
RE 19.765 ⋆18.985 3.95
AZIP ⋆9.8694 10.128 -2.62
Scalefree
ZIC 21.964 ⋆20.253 7.79
ZIP 8.1464 ⋆7.3171 10.18
RE 19.589 ⋆18.633 4.88
AZIP ⭐7.8123 7.8387 -0.34
Different
Chain
ZIC 22.236 ⋆21.079 5.20
ZIP 10.152 ⋆9.4884 6.54
RE 19.77 ⋆19.055 3.62
AZIP 9.7348 ⋆9.5332 2.07
Fully
ZIC 22.257 ⋆20.548 7.68
ZIP 10.487 ⋆9.5822 8.63
RE 19.853 ⋆18.887 4.87
AZIP 10.157 ⋆9.8737 2.79
Ring
ZIC 22.226 ⋆20.953 5.73
ZIP 9.8731 ⋆9.491 3.87
RE 19.781 ⋆18.999 3.95
AZIP 9.7074 ⋆9.5632 1.49
Star
ZIC 21.945 ⋆19.563 10.85
ZIP 8.1041 ⋆6.7117 17.18
RE 19.462 ⋆18.132 6.83
AZIP 7.9966 ⋆7.7068 3.62
Smallworld
ZIC 22.246 ⋆20.453 8.06
ZIP 10.054 ⋆9.871 1.82
RE 19.81 ⋆18.847 4.86
AZIP ⋆9.7914 10.071 -2.86
Scalefree
ZIC 22.057 ⋆19.697 10.70
ZIP 8.1536 ⋆7.2552 11.02
RE 19.629 ⋆18.305 6.75
AZIP 7.9345 ⋆7.704 2.91
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.3: Last-10-day global coefficient of convergence comparison between ǫ-greedy
strategy and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 22.121 ⋆21.691 1.94
ZIP 9.2996 ⋆8.189 11.94
RE 19.738 ⋆19.222 2.61
AZIP 9.1591 ⋆8.2882 9.51
Fully
ZIC 22.253 ⋆20.128 9.55
ZIP 9.6123 ⋆8.609 10.44
RE 19.814 ⋆18.694 5.65
AZIP 9.4882 ⋆8.866 6.56
Ring
ZIC 22.065 ⋆21.581 2.19
ZIP 9.0289 ⋆8.033 11.03
RE 19.669 ⋆19.398 1.38
AZIP 8.9486 ⋆8.3097 7.14
Star
ZIC 21.851 ⋆21.18 3.07
ZIP 6.9091 ⋆5.5288 19.98
RE 19.355 ⋆19.025 1.70
AZIP 6.5409 ⋆6.2889 3.85
Smallworld
ZIC 22.097 ⋆21.253 3.82
ZIP 9.3979 ⋆8.1008 13.80
RE 19.764 ⋆19.205 2.83
AZIP 9.2239 ⋆8.5609 7.19
Scalefree
ZIC 22.016 ⋆21.078 4.26
ZIP 6.4917 ⋆6.3836 1.67
RE 19.534 ⋆19.057 2.44
AZIP 6.4276 6.5013 -
Different
Chain
ZIC 22.286 ⋆21.598 3.11
ZIP 9.5523 ⋆8.3719 12.00
RE 19.771 ⋆19.226 3.44
AZIP 8.957 ⋆8.4065 6.99
Fully
ZIC 22.431 ⋆19.975 11.13
ZIP 9.6549 ⋆8.8781 3.41
RE 20.008 ⋆18.533 7.13
AZIP 9.3574 ⋆9.1359 6.78
Ring
ZIC 22.316 ⋆21.588 3.24
ZIP 9.0275 ⋆8.2025 8.45
RE 19.785 ⋆19.166 3.54
AZIP 9.0298 ⋆8.1588 11.34
Star
ZIC 21.911 ⋆19.982 8.43
ZIP 6.7515 ⋆5.5258 21.59
RE 19.378 ⋆18.648 3.55
AZIP 6.6885 ⋆6.1303 14.71
Smallworld
ZIC 22.381 ⋆21.09 6.30
ZIP 9.2985 ⋆8.3023 11.48
RE 19.938 ⋆19.043 4.60
AZIP 9.1474 ⋆8.4867 9.13
Scalefree
ZIC 22.107 ⋆20.502 7.20
ZIP 6.6376 ⋆6.0743 12.27
RE 19.613 ⋆18.831 4.14
AZIP 6.4978 ⭐6.4845 -
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.4: Last-10-day global coefficient of convergence comparison between ǫ-greedy
strategy and MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC 22.121 ⋆20.76 6.15
ZIP 9.2996 ⋆9.0345 2.85
RE 19.738 ⋆19.074 3.36
AZIP 9.1591 ⋆8.83 3.59
Fully
ZIC 22.253 ⋆20.196 9.24
ZIP 9.6123 ⋆8.8527 7.90
RE 19.814 ⋆18.777 5.23
AZIP 9.4882 ⋆9.2349 2.67
Ring
ZIC 22.065 ⋆20.64 6.46
ZIP 9.0289 ⋆8.8047 2.48
RE 19.669 ⋆18.977 3.52
AZIP 8.9486 9.0348 -
Star
ZIC 21.851 ⋆19.521 10.66
ZIP 6.9091 ⋆4.7793 30.83
RE 19.355 ⋆18.101 6.48
AZIP 6.5409 ⋆5.7576 11.98
Smallworld
ZIC 22.097 ⋆19.874 10.06
ZIP 9.3979 ⋆9.0977 3.19
RE 19.764 ⋆18.702 5.37
AZIP 9.2239 9.2917 -
Scalefree
ZIC 22.016 ⋆19.772 10.19
ZIP 6.4917 ⋆5.8282 10.22
RE 19.534 ⋆18.3 6.32
AZIP 6.4276 ⋆5.8551 8.91
Different
Chain
ZIC 22.266 ⋆20.684 7.11
ZIP 9.4323 ⋆9.0364 4.20
RE 19.84 ⋆18.813 5.18
AZIP 8.9093 8.7772 -
Fully
ZIC 22.451 ⋆20.135 10.32
ZIP 9.4212 ⋆8.5946 8.77
RE 19.944 ⋆18.558 6.95
AZIP 9.617 ⋆9.1098 5.27
Ring
ZIC 22.294 ⋆20.463 8.21
ZIP 8.9177 8.883 -
RE 19.798 ⋆18.73 5.39
AZIP 9.2777 ⋆8.6682 6.57
Star
ZIC 21.942 ⋆18.86 14.05
ZIP 6.5401 ⋆4.7907 26.75
RE 19.342 ⋆17.644 8.78
AZIP 6.876 ⋆5.6675 17.58
Smallworld
ZIC 22.436 ⋆19.961 11.03
ZIP 9.0662 9.047 -
RE 19.982 ⋆18.634 6.75
AZIP ⭐9.1755 9.4773 -3.29
Scalefree
ZIC 22.07 ⋆19.034 13.76
ZIP 6.5821 ⋆5.4438 17.29
RE 19.681 ⋆17.78 9.66
AZIP 6.2289 ⋆5.5515 10.88
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
Appendix C. Results of Chapter 5 - Coefficient of Convergence 359
Table C.5: Global coefficient of convergence comparison between softmax strategy
and SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 23.673 ⋆22.53 4.83
ZIP 10.558 ⋆7.7278 26.81
RE 21.231 ⋆20.002 5.79
AZIP 10.042 ⋆7.3904 26.41
Fully
ZIC 23.239 ⋆21.729 6.50
ZIP 9.2347 ⋆7.0909 23.21
RE 20.792 ⋆19.308 7.14
AZIP 9.1791 ⋆7.2468 21.05
Ring
ZIC 23.661 ⋆22.466 5.05
ZIP 10.23 ⋆7.053 31.06
RE 21.272 ⋆19.894 6.48
AZIP 9.9095 ⋆7.2119 27.22
Star
ZIC 23.468 ⋆22.246 5.21
ZIP 10.402 ⋆6.7548 35.06
RE 21.139 ⋆19.742 6.61
AZIP 10.341 ⋆6.9436 32.85
Smallworld
ZIC 23.639 ⋆22.151 6.29
ZIP 9.4225 ⋆6.5421 30.57
RE 21.097 ⋆19.692 6.66
AZIP 9.4981 ⋆6.4034 32.58
Scalefree
ZIC 23.653 ⋆22.224 6.04
ZIP 9.8229 ⋆6.63 32.50
RE 21.151 ⋆19.644 7.12
AZIP 10.16 ⋆6.5135 35.89
Different
Chain
ZIC 23.805 ⋆22.53 5.36
ZIP 10.205 ⋆7.7278 24.27
RE 21.232 ⋆20.002 5.79
AZIP 10.028 ⋆7.3904 26.30
Fully
ZIC 23.205 ⋆21.729 6.36
ZIP 9.0812 ⋆7.0909 21.92
RE 20.6 ⋆19.308 6.27
AZIP 9.1672 ⋆7.2468 20.95
Ring
ZIC 23.551 ⋆22.466 4.61
ZIP 10.016 ⋆7.053 29.58
RE 21.106 ⋆19.894 5.74
AZIP 9.8805 ⋆7.2119 27.01
Star
ZIC 23.535 ⋆22.246 5.48
ZIP 10.305 ⋆6.7548 34.45
RE 21.128 ⋆19.742 6.56
AZIP 10.756 ⋆6.9436 35.44
Smallworld
ZIC 23.638 ⋆22.151 6.29
ZIP 9.3421 ⋆6.5421 29.97
RE 20.947 ⋆19.692 5.99
AZIP 9.5771 ⋆6.4034 33.14
Scalefree
ZIC 23.464 ⋆22.224 5.28
ZIP 10.068 ⋆6.63 34.15
RE 21.015 ⋆19.644 6.52
AZIP 9.9991 ⋆6.5135 34.86
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.6: Global coefficient of convergence comparison between softmax strategy and
MHSF-SM
Charge Type Network Trading Strategy Softmax MHSF-SM ∆%
Same
Chain
ZIC 23.673 ⋆21.959 7.24
ZIP 10.558 ⋆7.0299 33.42
RE 21.231 ⋆19.545 7.94
AZIP 10.042 ⋆6.7279 33.00
Fully
ZIC 23.239 ⋆21.772 6.31
ZIP 9.2347 ⋆7.222 21.79
RE 20.792 ⋆19.366 6.86
AZIP 9.1791 ⋆7.1385 22.23
Ring
ZIC 23.661 ⋆21.928 7.32
ZIP 10.23 ⋆6.8631 32.91
RE 21.272 ⋆19.516 8.25
AZIP 9.9095 ⋆6.7085 32.30
Star
ZIC 23.468 ⋆21.555 8.15
ZIP 10.402 ⋆7.163 31.14
RE 21.139 ⋆19.286 8.77
AZIP 10.341 ⋆7.0348 31.97
Smallworld
ZIC 23.639 ⋆21.739 8.04
ZIP 9.4225 ⋆7.0801 24.86
RE 21.097 ⋆19.397 8.06
AZIP 9.4981 ⋆6.7701 28.72
Scalefree
ZIC 23.653 ⋆21.68 8.34
ZIP 9.8229 ⋆7.1286 27.43
RE 21.151 ⋆19.333 8.60
AZIP 10.16 ⋆6.8992 32.09
Different
Chain
ZIC 23.805 ⋆22.103 7.15
ZIP 10.205 ⋆6.9193 32.20
RE 21.232 ⋆19.378 8.73
AZIP 10.028 ⋆6.8227 31.96
Fully
ZIC 23.205 ⋆21.751 6.27
ZIP 9.0812 ⋆7.2111 20.59
RE 20.6 ⋆19.173 6.93
AZIP 9.1672 ⋆7.1803 21.67
Ring
ZIC 23.551 ⋆21.944 6.82
ZIP 10.016 ⋆6.6721 33.39
RE 21.106 ⋆19.321 8.46
AZIP 9.8805 ⋆6.7016 32.17
Star
ZIC 23.535 ⋆21.565 8.37
ZIP 10.305 ⋆7.3054 29.11
RE 21.128 ⋆19.078 9.70
AZIP 10.756 ⋆6.9573 35.32
Smallworld
ZIC 23.638 ⋆21.747 8.00
ZIP 9.3421 ⋆6.976 25.33
RE 20.947 ⋆19.215 8.27
AZIP 9.5771 ⋆6.8337 28.65
Scalefree
ZIC 23.464 ⋆21.683 7.59
ZIP 10.068 ⋆7.172 28.76
RE 21.015 ⋆19.149 8.88
AZIP 9.9991 ⋆7.0136 29.86
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.7: Last-10-day global coefficient of convergence comparison between softmax
strategy and SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 23.634 ⋆22.482 4.87
ZIP 9.9027 ⋆6.9765 29.55
RE 21.215 ⋆19.995 5.75
AZIP 9.4426 ⋆6.6784 29.27
Fully
ZIC 22.869 ⋆21.719 5.03
ZIP 8.5434 ⋆7.6435 10.53
RE 20.372 ⋆19.297 5.28
AZIP 8.516 ⋆7.9425 6.73
Ring
ZIC 23.597 ⋆22.394 5.10
ZIP 9.6503 ⋆6.5641 31.98
RE 21.189 ⋆19.702 7.02
AZIP 9.2774 ⋆6.5039 29.90
Star
ZIC 23.454 ⋆22.055 5.96
ZIP 9.598 ⋆6.4433 32.87
RE 21.066 ⋆19.525 7.32
AZIP 9.6469 ⋆6.2992 34.70
Smallworld
ZIC 23.538 ⋆22.094 6.13
ZIP 8.7914 ⋆6.449 26.64
RE 20.863 ⋆19.632 5.90
AZIP 8.8345 ⋆6.2297 29.48
Scalefree
ZIC 23.629 ⋆22.153 6.25
ZIP 9.0856 ⋆6.6701 26.59
RE 21.081 ⋆19.431 7.83
AZIP 9.4831 ⋆6.3876 32.64
Different
Chain
ZIC 23.74 ⋆22.482 5.30
ZIP 9.6208 ⋆6.9765 27.49
RE 21.085 ⋆19.995 5.17
AZIP 9.4066 ⋆6.6784 29.00
Fully
ZIC 22.834 ⋆21.719 4.88
ZIP 8.4229 ⋆7.6435 9.25
RE 20.257 ⋆19.297 4.74
AZIP 8.5003 ⋆7.9425 6.56
Ring
ZIC 23.528 ⋆22.394 4.82
ZIP 9.4933 ⋆6.5641 30.86
RE 20.963 ⋆19.702 6.02
AZIP 9.4027 ⋆6.5039 30.83
Star
ZIC 23.527 ⋆22.055 6.26
ZIP 9.5546 ⋆6.4433 32.56
RE 21.024 ⋆19.525 7.13
AZIP 9.9862 ⋆6.2992 36.92
Smallworld
ZIC 23.559 ⋆22.094 6.22
ZIP 8.7468 ⋆6.449 26.27
RE 20.822 ⋆19.632 5.72
AZIP 8.9928 ⋆6.2297 30.73
Scalefree
ZIC 23.405 ⋆22.153 5.35
ZIP 9.3451 ⋆6.6701 28.62
RE 20.881 ⋆19.431 6.94
AZIP 9.1869 ⋆6.3876 30.47
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.8: Last-10-day global coefficient of convergence comparison between softmax
strategy and MHSF-SM
Charge Type Network Trading Strategy Softmax MHSF-SM ∆%
Same
Chain
ZIC 23.634 ⋆21.906 7.31
ZIP 9.9027 ⋆6.8012 31.32
RE 21.215 ⋆19.464 8.25
AZIP 9.4426 ⋆6.4842 31.33
Fully
ZIC 22.869 ⋆21.72 5.02
ZIP 8.5434 ⋆7.7352 9.46
RE 20.372 ⋆19.313 5.20
AZIP 8.516 ⋆7.6068 10.68
Ring
ZIC 23.597 ⋆21.878 7.28
ZIP 9.6503 ⋆6.86 28.91
RE 21.189 ⋆19.373 8.57
AZIP 9.2774 ⋆6.4725 30.23
Star
ZIC 23.454 ⋆21.562 8.07
ZIP 9.598 ⋆7.3328 23.60
RE 21.066 ⋆19.204 8.84
AZIP 9.6469 ⋆7.027 27.16
Smallworld
ZIC 23.538 ⋆21.768 7.52
ZIP 8.7914 ⋆7.2017 18.08
RE 20.863 ⋆19.314 7.42
AZIP 8.8345 ⋆6.8207 22.79
Scalefree
ZIC 23.629 ⋆21.657 8.35
ZIP 9.0856 ⋆7.1124 21.72
RE 21.081 ⋆19.31 8.40
AZIP 9.4831 ⋆6.9812 26.38
Different
Chain
ZIC 23.74 ⋆22.059 7.08
ZIP 9.6208 ⋆6.8327 28.98
RE 21.085 ⋆19.317 8.39
AZIP 9.4066 ⋆6.6998 28.78
Fully
ZIC 22.834 ⋆21.724 4.86
ZIP 8.4229 ⋆7.6903 8.70
RE 20.257 ⋆19.189 5.27
AZIP 8.5003 ⋆7.6337 10.19
Ring
ZIC 23.528 ⋆21.856 7.11
ZIP 9.4933 ⋆6.4464 32.10
RE 20.963 ⋆19.233 8.25
AZIP 9.4027 ⋆6.341 32.56
Star
ZIC 23.527 ⋆21.556 8.38
ZIP 9.5546 ⋆7.648 19.95
RE 21.024 ⋆18.999 9.63
AZIP 9.9862 ⋆7.0393 29.51
Smallworld
ZIC 23.559 ⋆21.774 7.58
ZIP 8.7468 ⋆7.1029 18.79
RE 20.822 ⋆19.149 8.03
AZIP 8.9928 ⋆6.8576 23.74
Scalefree
ZIC 23.405 ⋆21.68 7.37
ZIP 9.3451 ⋆7.3496 21.35
RE 20.881 ⋆19.058 8.73
AZIP 9.1869 ⋆6.9949 23.86
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
Appendix C. Results of Chapter 5 - Coefficient of Convergence 363
Table C.9: Global coefficient of convergence comparison in CH markets between ǫ-
greedy strategy and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 9.5221 ⋆9.39 1.39
ZIP 10.269 ⋆9.7248 5.30
RE 9.3838 ⋆9.1906 2.06
AZIP 10.403 ⋆9.8256 5.55
Fully
ZIC 9.2623 ⋆8.8147 4.83
ZIP 10.372 ⋆9.7854 5.66
RE 9.0314 ⋆8.6578 4.14
AZIP ⋆10.305 10.376 -0.69
Ring
ZIC 9.4299 ⋆9.1313 3.17
ZIP 10.031 ⋆9.4932 5.36
RE 9.221 ⋆8.7877 4.70
AZIP 9.9585 ⋆9.654 3.06
Star
ZIC 8.2241 ⋆7.7172 6.16
ZIP 6.856 ⋆5.8653 14.45
RE 8.0233 ⋆7.4647 6.96
AZIP 6.7858 ⋆6.0006 11.57
Smallworld
ZIC 9.1983 ⋆8.9232 2.99
ZIP 10.132 ⋆9.4522 6.71
RE 8.9884 ⋆8.6404 3.87
AZIP 10.022 ⋆9.7645 2.57
Scalefree
ZIC 8.483 ⋆7.8833 7.07
ZIP 7.6853 ⋆7.1083 7.51
RE 8.2181 ⋆7.6275 7.19
AZIP 7.6536 ⋆7.4002 3.31
Different
Chain
ZIC 9.7226 ⋆9.3643 3.69
ZIP 10.244 ⋆9.5856 6.43
RE 9.4237 ⋆8.9382 5.15
AZIP 10.365 ⋆9.9047 4.44
Fully
ZIC 9.0304 ⋆8.4089 6.88
ZIP 10.315 ⋆9.7212 5.76
RE 8.8 ⋆8.1811 7.03
AZIP 10.317 ⋆10.228 0.86
Ring
ZIC 9.5551 ⋆9.1653 4.08
ZIP 10.049 ⋆9.4531 5.93
RE 9.1784 ⋆8.8525 3.55
AZIP 10.086 ⋆9.7315 3.51
Star
ZIC 8.3308 ⋆7.7879 6.52
ZIP 6.8436 ⋆5.6933 16.81
RE 8.0349 ⋆7.4751 6.97
AZIP 6.6409 ⋆5.7141 13.96
Smallworld
ZIC 9.1935 ⋆8.6997 5.37
ZIP 10.062 ⋆9.4635 5.95
RE 8.8901 ⋆8.4658 4.77
AZIP 10.09 ⋆9.8223 2.65
Scalefree
ZIC 8.4943 ⋆7.7923 8.26
ZIP 7.8122 ⋆7.0016 10.38
RE 8.211 ⋆7.5467 8.09
AZIP 7.6581 ⋆7.3803 3.63
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.10: Global coefficient of convergence comparison in CH markets between ǫ-
greedy strategy and MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC 9.5221 ⋆9.2666 2.68
ZIP 10.269 ⋆9.8041 4.53
RE 9.3838 ⋆8.9944 4.15
AZIP 10.403 ⋆10.08 3.10
Fully
ZIC 9.2623 ⋆8.8413 4.55
ZIP 10.372 ⋆9.7798 5.71
RE 9.0314 ⋆8.6655 4.05
AZIP ⋆10.305 10.393 -0.85
Ring
ZIC 9.4299 ⋆9.2902 1.48
ZIP 10.031 ⋆9.8557 1.75
RE 9.221 ⋆8.9507 2.93
AZIP ⋆9.9585 10.115 -1.57
Star
ZIC 8.2241 ⋆7.3884 10.16
ZIP 6.856 ⋆5.8226 15.07
RE 8.0233 ⋆7.1429 10.97
AZIP 6.7858 ⋆5.9025 13.02
Smallworld
ZIC 9.1983 9.1951 0.03
ZIP 10.132 ⋆9.9988 1.31
RE ⋆8.9884 9.0042 -0.18
AZIP ⋆10.022 10.419 -3.96
Scalefree
ZIC 8.483 ⋆7.699 9.24
ZIP 7.6853 ⋆7.0386 8.41
RE 8.2181 ⋆7.535 8.31
AZIP 7.6536 ⋆7.1764 6.23
Different
Chain
ZIC 9.7226 ⋆9.362 3.71
ZIP 10.244 ⋆9.8863 3.49
RE 9.4237 ⋆8.888 5.68
AZIP 10.365 ⋆10.136 2.21
Fully
ZIC 9.0304 ⋆8.4449 6.48
ZIP 10.315 ⋆9.7028 5.94
RE 8.8 ⋆8.1871 6.96
AZIP 10.317 ⋆10.254 0.61
Ring
ZIC 9.5551 ⋆9.2272 3.43
ZIP 10.049 ⋆9.8801 1.68
RE 9.1784 ⋆8.8199 3.91
AZIP ⋆10.086 10.153 -0.66
Star
ZIC 8.3308 ⋆7.3633 11.61
ZIP 6.8436 ⋆5.6877 16.89
RE 8.0349 ⋆7.0478 12.29
AZIP 6.6409 ⋆5.6305 15.21
Smallworld
ZIC 9.1935 ⋆8.9294 2.87
ZIP 10.062 ⋆9.9536 1.08
RE 8.8901 ⋆8.6239 2.99
AZIP ⋆10.09 10.391 -2.98
Scalefree
ZIC 8.4943 ⋆7.7139 9.19
ZIP 7.8122 ⋆6.9259 11.35
RE 8.211 ⋆7.3844 10.07
AZIP 7.6581 ⋆7.1963 6.03
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.11: Last-10-day Global coefficient of convergence comparison in CH markets
between ǫ-greedy strategy and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 8.969 ⋆8.6292 3.79
ZIP 9.4849 ⋆9.0318 4.78
RE 9.0277 ⋆8.5612 5.17
AZIP 9.9366 ⋆9.0167 9.26
Fully
ZIC 8.7327 ⋆8.0398 7.93
ZIP 9.2142 ⋆8.7005 5.58
RE 8.6295 ⋆7.9885 7.43
AZIP 9.1639 9.0814 -
Ring
ZIC 8.7595 ⋆8.412 3.97
ZIP 9.3489 ⋆8.6701 7.26
RE 8.5959 ⋆8.1698 4.96
AZIP 9.0668 8.9476 -
Star
ZIC 7.7491 ⋆7.1393 7.87
ZIP 5.3901 ⋆4.5116 16.30
RE 7.4072 ⋆6.7384 9.03
AZIP 5.1844 ⋆4.704 9.27
Smallworld
ZIC 8.7965 ⋆8.3316 5.29
ZIP 9.514 ⋆8.4269 11.43
RE 8.6137 ⋆8.0851 6.14
AZIP 9.2497 ⋆8.9843 2.87
Scalefree
ZIC 7.8317 ⋆7.1525 8.67
ZIP 6.42 ⋆5.8282 9.22
RE 7.7881 ⋆6.9024 11.37
AZIP 6.0588 6.1295 -
Different
Chain
ZIC 9.1622 ⋆8.7832 5.74
ZIP 9.4818 ⋆8.8804 3.90
RE 8.8601 ⋆8.3221 4.35
AZIP 9.772 ⋆9.1366 7.40
Fully
ZIC 8.3976 ⋆7.5256 13.29
ZIP 9.3014 ⋆8.5843 6.06
RE 8.2663 ⋆7.3571 10.90
AZIP 9.3435 ⭐9.0729 1.93
Ring
ZIC 8.9339 ⋆8.432 6.00
ZIP 9.3107 ⋆8.7429 6.81
RE 8.6541 ⋆8.1566 6.57
AZIP 9.2996 ⭐9.0123 -
Star
ZIC 7.7679 ⋆7.2449 9.37
ZIP 5.475 ⋆4.4769 19.70
RE 7.6228 ⋆6.8729 6.40
AZIP 5.2313 ⋆4.4016 22.18
Smallworld
ZIC 8.6583 ⋆7.8883 11.79
ZIP 9.3675 ⋆8.5416 7.75
RE 8.3674 ⋆7.7139 7.08
AZIP 9.3146 ⋆8.9277 4.21
Scalefree
ZIC 7.8231 ⋆7.0375 10.65
ZIP 6.3672 ⋆5.8376 5.22
RE 7.575 ⋆6.7757 12.65
AZIP 6.2057 ⭐6.0355 -
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.12: Last-10-day Global coefficient of convergence comparison in CH markets
between ǫ-greedy strategy and MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC 8.969 ⋆8.6645 3.40
ZIP 9.4849 ⋆9.0041 5.07
RE 9.0277 ⋆8.3863 7.10
AZIP 9.9366 ⋆9.4314 5.08
Fully
ZIC 8.7327 ⋆8.2677 5.32
ZIP 9.2142 ⋆8.6298 6.34
RE 8.6295 ⋆8.1224 5.88
AZIP 9.1639 9.2658 -
Ring
ZIC 8.7595 8.7896 -
ZIP 9.3489 ⭐9.1679 1.94
RE 8.5959 ⋆8.333 3.06
AZIP 9.0668 9.1607 -1.04
Star
ZIC 7.7491 ⋆6.6432 14.27
ZIP 5.3901 ⋆4.3461 19.37
RE 7.4072 ⋆6.5094 12.12
AZIP 5.1844 ⋆4.648 10.35
Smallworld
ZIC 8.7965 ⋆8.5549 2.75
ZIP 9.514 ⋆8.9084 6.37
RE 8.6137 8.4576 -
AZIP ⭐9.2497 9.6171 -3.97
Scalefree
ZIC 7.8317 ⋆6.9094 11.78
ZIP 6.42 ⋆5.4083 15.76
RE 7.7881 ⋆6.6627 14.45
AZIP 6.0588 ⋆5.7146 5.68
Different
Chain
ZIC 9.3201 ⋆8.778 5.82
ZIP 9.4178 ⭐9.1656 2.68
RE 8.7518 ⋆8.2524 5.71
AZIP 9.7441 ⋆9.4344 3.18
Fully
ZIC 8.4837 ⋆7.4843 11.78
ZIP 9.2606 ⋆8.2716 10.68
RE 8.234 ⋆7.1854 12.74
AZIP 9.3654 ⋆8.9523 4.41
Ring
ZIC 8.936 ⋆8.6666 3.01
ZIP 9.2743 9.4411 -
RE 8.5507 ⋆8.038 6.00
AZIP ⭐9.1455 9.3401 -2.13
Star
ZIC 7.8152 ⋆6.715 14.08
ZIP 5.541 ⋆4.1292 25.48
RE 7.592 ⋆6.4131 15.53
AZIP 5.6668 ⋆3.8725 31.66
Smallworld
ZIC 8.7802 ⋆8.1022 7.72
ZIP 9.3393 ⋆8.9602 4.06
RE 8.2898 ⋆7.843 5.39
AZIP ⋆9.1098 9.6359 -5.78
Scalefree
ZIC 7.8262 ⋆6.6478 15.06
ZIP 6.3394 ⋆5.1174 19.28
RE 7.734 ⋆6.6703 13.75
AZIP 5.8539 ⋆5.4212 7.39
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.13: Global coefficient of convergence comparison in CH markets between
softmax strategy and SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 13.093 ⋆12.592 3.83
ZIP 11.541 ⋆9.068 21.43
RE 12.576 ⋆12.215 2.87
AZIP 11.386 ⋆9.322 18.13
Fully
ZIC 12.189 ⋆11.449 6.07
ZIP 10.085 ⋆8.5218 15.50
RE 11.611 ⋆11.008 5.19
AZIP 9.9757 ⋆8.5515 14.28
Ring
ZIC 12.906 ⋆12.342 4.37
ZIP 11.068 ⋆8.8335 20.19
RE 12.648 ⋆12.148 3.95
AZIP 11.038 ⋆9.0642 17.88
Star
ZIC 12.806 ⋆12.589 1.69
ZIP 11.531 ⋆9.0287 21.70
RE 12.651 ⋆12.261 3.08
AZIP 11.673 ⋆8.9008 23.75
Smallworld
ZIC 12.876 ⋆12.067 6.28
ZIP 11.15 ⋆8.2447 26.06
RE 12.345 ⋆11.571 6.27
AZIP 10.525 ⋆8.3103 21.04
Scalefree
ZIC 12.771 ⋆12.271 3.92
ZIP 11.213 ⋆8.4992 24.20
RE 12.746 ⋆11.786 7.53
AZIP 11.064 ⋆8.5821 22.43
Different
Chain
ZIC 12.818 ⋆12.592 1.76
ZIP 11.253 ⋆9.068 19.42
RE 12.554 ⋆12.215 2.70
AZIP 11.426 ⋆9.322 18.41
Fully
ZIC 11.956 ⋆11.449 4.24
ZIP 10.165 ⋆8.5218 16.17
RE 12.025 ⋆11.008 8.46
AZIP 10.101 ⋆8.5515 15.34
Ring
ZIC 13.104 ⋆12.342 5.82
ZIP 11 ⋆8.8335 19.70
RE 12.755 ⋆12.148 4.76
AZIP 10.819 ⋆9.0642 16.22
Star
ZIC 13.053 ⋆12.589 3.55
ZIP 11.174 ⋆9.0287 19.20
RE 12.72 ⋆12.261 3.61
AZIP 11.187 ⋆8.9008 20.44
Smallworld
ZIC 12.778 ⋆12.067 5.56
ZIP 10.592 ⋆8.2447 22.16
RE 12.487 ⋆11.571 7.34
AZIP 10.608 ⋆8.3103 21.66
Scalefree
ZIC 13.092 ⋆12.271 6.27
ZIP 11.104 ⋆8.4992 23.46
RE 12.626 ⋆11.786 6.65
AZIP 11.232 ⋆8.5821 23.59
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.14: Global coefficient of convergence comparison in CH markets between soft-
max strategy and MHSF-SM
Charge Type Network Trading Strategy Softmax MHSF-SM ∆%
Same
Chain
ZIC 13.093 ⋆12.023 8.17
ZIP 11.541 ⋆8.5741 25.71
RE 12.576 ⋆11.551 8.15
AZIP 11.386 ⋆8.3667 26.52
Fully
ZIC 12.189 ⋆11.378 6.65
ZIP 10.085 ⋆8.6776 13.96
RE 11.611 ⋆11.21 3.45
AZIP 9.9757 ⋆8.5462 14.33
Ring
ZIC 12.906 ⋆12.13 6.01
ZIP 11.068 ⋆8.3991 24.11
RE 12.648 ⋆11.998 5.14
AZIP 11.038 ⋆8.3049 24.76
Star
ZIC 12.806 ⋆12 6.29
ZIP 11.531 ⋆8.8192 23.52
RE 12.651 ⋆11.401 9.88
AZIP 11.673 ⋆8.747 25.07
Smallworld
ZIC 12.876 ⋆11.811 8.27
ZIP 11.15 ⋆8.2736 25.80
RE 12.345 ⋆11.47 7.09
AZIP 10.525 ⋆8.5238 19.01
Scalefree
ZIC 12.771 ⋆12.038 5.74
ZIP 11.213 ⋆8.5337 23.89
RE 12.746 ⋆11.638 8.69
AZIP 11.064 ⋆8.4528 23.60
Different
Chain
ZIC 12.818 ⋆12.32 3.89
ZIP 11.253 ⋆8.4315 25.07
RE 12.554 ⋆11.576 7.79
AZIP 11.426 ⋆8.4116 26.38
Fully
ZIC 11.956 ⋆11.282 5.64
ZIP 10.165 ⋆8.5028 16.35
RE 12.025 ⋆10.994 8.57
AZIP 10.101 ⋆8.5994 14.87
Ring
ZIC 13.104 ⋆12.122 7.49
ZIP 11 ⋆8.3677 23.93
RE 12.755 ⋆11.737 7.98
AZIP 10.819 ⋆8.159 24.59
Star
ZIC 13.053 ⋆11.812 9.51
ZIP 11.174 ⋆8.9582 19.83
RE 12.72 ⋆11.836 6.95
AZIP 11.187 ⋆8.8388 20.99
Smallworld
ZIC 12.778 ⋆12.094 5.35
ZIP 10.592 ⋆8.5771 19.02
RE 12.487 ⋆11.517 7.77
AZIP 10.608 ⋆8.2141 22.57
Scalefree
ZIC 13.092 ⋆12.063 7.86
ZIP 11.104 ⋆8.5706 22.82
RE 12.626 ⋆11.401 9.70
AZIP 11.232 ⋆8.5209 24.14
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.15: Last-10-day global coefficient of convergence comparison in CH markets
between softmax strategy and SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 12.976 ⋆12.372 4.65
ZIP 11.158 ⋆8.5479 23.39
RE 12.41 ⋆11.992 3.37
AZIP 11.107 ⋆8.6449 22.17
Fully
ZIC 11.555 ⋆10.882 5.82
ZIP 9.5054 ⋆9.052 4.77
RE 10.805 ⋆10.338 4.32
AZIP 9.4873 ⋆8.7092 8.20
Ring
ZIC 12.774 ⋆12.179 4.66
ZIP 10.726 ⋆8.5783 20.02
RE 12.485 ⋆11.922 4.51
AZIP 10.711 ⋆8.5513 20.16
Star
ZIC 12.644 ⋆12.398 1.95
ZIP 11.127 ⋆8.6193 22.54
RE 12.386 ⋆12.019 2.96
AZIP 11.133 ⋆8.3987 24.56
Smallworld
ZIC 12.697 ⋆11.849 6.68
ZIP 10.802 ⋆8.11 24.92
RE 12.135 ⋆11.344 6.52
AZIP 10.187 ⋆8.2139 19.37
Scalefree
ZIC 12.556 ⋆12.035 4.15
ZIP 10.837 ⋆8.1819 24.50
RE 12.556 ⋆11.531 8.16
AZIP 10.571 ⋆8.4425 20.14
Different
Chain
ZIC 12.74 ⋆12.372 2.89
ZIP 10.969 ⋆8.5479 22.07
RE 12.439 ⋆11.992 3.59
AZIP 11 ⋆8.6449 21.41
Fully
ZIC 11.372 ⋆10.882 4.31
ZIP 9.5034 ⋆9.052 4.75
RE 11.337 ⋆10.338 8.81
AZIP 9.4636 ⋆8.7092 7.97
Ring
ZIC 12.988 ⋆12.179 6.23
ZIP 10.746 ⋆8.5783 20.17
RE 12.617 ⋆11.922 5.51
AZIP 10.481 ⋆8.5513 18.41
Star
ZIC 12.929 ⋆12.398 4.11
ZIP 10.662 ⋆8.6193 19.16
RE 12.597 ⋆12.019 4.59
AZIP 10.777 ⋆8.3987 22.07
Smallworld
ZIC 12.591 ⋆11.849 5.89
ZIP 10.233 ⋆8.11 20.75
RE 12.268 ⋆11.344 7.53
AZIP 10.241 ⋆8.2139 19.79
Scalefree
ZIC 12.907 ⋆12.035 6.76
ZIP 10.708 ⋆8.1819 23.59
RE 12.433 ⋆11.531 7.25
AZIP 10.748 ⋆8.4425 21.45
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.16: Last-10-day global coefficient of convergence comparison in CH markets
between softmax strategy and MHSF-SM
Charge Type Network Trading Strategy Softmax MHSF-SM ∆%
Same
Chain
ZIC 12.976 ⋆11.875 8.48
ZIP 11.158 ⋆8.4034 24.69
RE 12.41 ⋆11.395 8.18
AZIP 11.107 ⋆8.1409 26.70
Fully
ZIC 11.555 ⋆10.832 6.26
ZIP 9.5054 ⋆9.0671 4.61
RE 10.805 ⋆10.559 2.28
AZIP 9.4873 ⋆9.0204 4.92
Ring
ZIC 12.774 ⋆11.972 6.28
ZIP 10.726 ⋆8.306 22.56
RE 12.485 ⋆11.769 5.73
AZIP 10.711 ⋆8.1711 23.71
Star
ZIC 12.644 ⋆11.717 7.33
ZIP 11.127 ⋆9.0207 18.93
RE 12.386 ⋆11.165 9.86
AZIP 11.133 ⋆8.8326 20.66
Smallworld
ZIC 12.697 ⋆11.602 8.62
ZIP 10.802 ⋆8.3601 22.61
RE 12.135 ⋆11.299 6.89
AZIP 10.187 ⋆8.5279 16.29
Scalefree
ZIC 12.556 ⋆11.772 6.24
ZIP 10.837 ⋆8.4829 21.72
RE 12.556 ⋆11.376 9.40
AZIP 10.571 ⋆8.5068 19.53
Different
Chain
ZIC 12.74 ⋆12.182 4.38
ZIP 10.969 ⋆8.2341 24.93
RE 12.439 ⋆11.413 8.25
AZIP 11 ⋆8.2001 25.45
Fully
ZIC 11.372 ⋆10.77 5.29
ZIP 9.5034 ⋆8.7696 7.72
RE 11.337 ⋆10.399 8.27
AZIP 9.4636 ⋆8.8187 6.81
Ring
ZIC 12.988 ⋆11.995 7.65
ZIP 10.746 ⋆8.2756 22.99
RE 12.617 ⋆11.572 8.28
AZIP 10.481 ⋆8.1188 22.54
Star
ZIC 12.929 ⋆11.685 9.62
ZIP 10.662 ⋆8.9901 15.68
RE 12.597 ⋆11.507 8.65
AZIP 10.777 ⋆8.7418 18.88
Smallworld
ZIC 12.591 ⋆11.867 5.75
ZIP 10.233 ⋆8.4696 17.23
RE 12.268 ⋆11.261 8.21
AZIP 10.241 ⋆8.0157 21.73
Scalefree
ZIC 12.907 ⋆11.837 8.29
ZIP 10.708 ⋆8.7588 18.20
RE 12.433 ⋆11.116 10.59
AZIP 10.748 ⋆8.5515 20.44
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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C.2 Transfer learning using local information VS transfer learning
using global information
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Figure C.97: MHSF-EG VS SF-EG in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.




































Figure C.98: MHSF-EG VS SF-EG in fully connected networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid
line indicates MHSF-EG.




































Figure C.99: MHSF-EG VS SF-EG in ring networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.
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Figure C.100: MHSF-EG VS SF-EG in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.




































Figure C.101: MHSF-EG VS SF-EG in small-world networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid
line indicates MHSF-EG.




































Figure C.102: MHSF-EG VS SF-EG in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.
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Figure C.103: MHSF-EG VS SF-EG in chain networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.




































Figure C.104: MHSF-EG VS SF-EG in fully connected networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid
line indicates MHSF-EG.




































Figure C.105: MHSF-EG VS SF-EG in ring networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.
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Figure C.106: MHSF-EG VS SF-EG in star networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.




































Figure C.107: MHSF-EG VS SF-EG in small-world networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.




































Figure C.108: MHSF-EG VS SF-EG in scale-free networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-EG, while solid line
indicates MHSF-EG.
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Figure C.109: MHSF-EG VS SF-EG in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure C.110: MHSF-EG VS SF-EG in fully connected networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure C.111: MHSF-EG VS SF-EG in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.
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Figure C.112: MHSF-EG VS SF-EG in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure C.113: MHSF-EG VS SF-EG in small-world networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure C.114: MHSF-EG VS SF-EG in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.
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Figure C.115: MHSF-EG VS SF-EG in chain networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure C.116: MHSF-EG VS SF-EG in fully connected networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure C.117: MHSF-EG VS SF-EG in ring networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.
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Figure C.118: MHSF-EG VS SF-EG in star networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure C.119: MHSF-EG VS SF-EG in small-world networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.




































Figure C.120: MHSF-EG VS SF-EG in scale-free networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-EG, while solid line indicates MHSF-EG.
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Figure C.121: MHSF-SM VS SF-SM in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.




































Figure C.122: MHSF-SM VS SF-SM in fully connected networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid
line indicates MHSF-SM.




































Figure C.123: MHSF-SM VS SF-SM in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.
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Figure C.124: MHSF-SM VS SF-SM in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.




































Figure C.125: MHSF-SM VS SF-SM in small-world networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid
line indicates MHSF-SM.




































Figure C.126: MHSF-SM VS SF-SM in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.
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Figure C.127: MHSF-SM VS SF-SM in chain networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.




































Figure C.128: MHSF-SM VS SF-SM in fully connected networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid
line indicates MHSF-SM.




































Figure C.129: MHSF-SM VS SF-SM in ring networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.
Appendix C. Results of Chapter 5 - Coefficient of Convergence 383




































Figure C.130: MHSF-SM VS SF-SM in star networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.




































Figure C.131: MHSF-SM VS SF-SM in small-world networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.




































Figure C.132: MHSF-SM VS SF-SM in scale-free networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees and 5% profit fees. In each plot, the dotted line indicates SF-SM, while solid line
indicates MHSF-SM.
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Figure C.133: MHSF-SM VS SF-SM in chain networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure C.134: MHSF-SM VS SF-SM in fully connected networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure C.135: MHSF-SM VS SF-SM in ring networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.
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Figure C.136: MHSF-SM VS SF-SM in star networks with CDA markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure C.137: MHSF-SM VS SF-SM in small-world networks with CDA markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure C.138: MHSF-SM VS SF-SM in scale-free networks with CDA markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.
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Figure C.139: MHSF-SM VS SF-SM in chain networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure C.140: MHSF-SM VS SF-SM in fully connected networks with CH markets. The x-axis
gives the trading day, and the y-axis gives the global coefficient of convergence. All markets charge
0.5 registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure C.141: MHSF-SM VS SF-SM in ring networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.
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Figure C.142: MHSF-SM VS SF-SM in star networks with CH markets. The x-axis gives the
trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure C.143: MHSF-SM VS SF-SM in small-world networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.




































Figure C.144: MHSF-SM VS SF-SM in scale-free networks with CH markets. The x-axis gives
the trading day, and the y-axis gives the global coefficient of convergence. All markets charge 0.5
registration fees but different profit fees (5%, 10%, 15%, 20% and 25%). In each plot, the dotted
line indicates SF-SM, while solid line indicates MHSF-SM.
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Table C.17: Global coefficient of convergence comparison between SF-EG and MHSF-
EG
Charge Type Network Trading Strategy SF-EG MHSF-EG ∆%
Same
Chain
ZIC 21.671 ⋆21.129 -2.57
ZIP ⋆9.0123 9.4526 4.66
RE 19.428 ⋆19.213 -1.12
AZIP ⋆9.1255 9.6161 5.10
Fully
ZIC ⋆20.597 20.729 0.64
ZIP ⭐9.491 9.5269 0.38
RE ⋆19.002 19.089 0.46
AZIP 9.8811 9.8903 -
Ring
ZIC 21.631 ⋆21.024 -2.89
ZIP ⋆8.8185 9.4544 6.73
RE 19.385 ⋆19.168 -1.13
AZIP ⋆9.0018 9.6403 6.62
Star
ZIC 21.194 ⋆20.2 -4.92
ZIP 7.0284 ⋆6.7175 -4.63
RE 19.144 ⋆18.515 -3.40
AZIP ⋆7.4176 7.7392 4.16
Smallworld
ZIC 21.386 ⋆20.535 -4.14
ZIP ⋆9.011 9.8697 8.70
RE 19.286 ⋆18.985 -1.59
AZIP ⋆9.2587 10.128 8.58
Scalefree
ZIC 21.151 ⋆20.253 -4.43
ZIP 7.7943 ⋆7.3171 -6.52
RE 19.176 ⋆18.633 -2.91
AZIP 7.8774 7.8387 -
Different
Chain
ZIC 21.643 ⋆21.079 -2.68
ZIP ⋆9.2011 9.4884 3.03
RE 19.291 ⋆19.055 -1.24
AZIP ⋆9.29 9.5332 2.55
Fully
ZIC ⋆20.453 20.548 0.46
ZIP 9.5748 9.5822 -
RE ⋆18.811 18.887 0.40
AZIP 9.8908 9.8737 -
Ring
ZIC 21.63 ⋆20.953 -3.23
ZIP ⋆8.8541 9.491 6.71
RE 19.25 ⋆18.999 -1.32
AZIP ⋆8.9328 9.5632 6.59
Star
ZIC 20.362 ⋆19.563 -4.08
ZIP 7.114 ⋆6.7117 -5.99
RE 18.836 ⋆18.132 -3.88
AZIP ⋆7.3857 7.7068 4.17
Smallworld
ZIC 21.268 ⋆20.453 -3.98
ZIP ⋆9.0636 9.871 8.18
RE 19.145 ⋆18.847 -1.58
AZIP ⋆9.1644 10.071 9.00
Scalefree
ZIC 20.787 ⋆19.697 -5.53
ZIP 7.5513 ⋆7.2552 -4.08
RE 18.966 ⋆18.305 -3.61
AZIP 7.9232 ⋆7.704 -2.85
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.18: Last-10-day global coefficient of convergence comparison between SF-EG
and MHSF-EG
Charge Type Network Trading Strategy SF-EG MHSF-EG ∆%
Same
Chain
ZIC 21.691 ⋆20.76 -4.48
ZIP ⋆8.189 9.0345 9.36
RE 19.222 ⋆19.074 -0.78
AZIP ⋆8.2882 8.83 6.14
Fully
ZIC ⭐20.128 20.196 0.34
ZIP 8.609 8.8527 -
RE ⭐18.694 18.777 0.44
AZIP ⭐8.866 9.2349 3.99
Ring
ZIC 21.581 ⋆20.64 -4.56
ZIP ⋆8.033 8.8047 8.76
RE 19.398 ⋆18.977 -2.22
AZIP ⋆8.3097 9.0348 8.03
Star
ZIC 21.18 ⋆19.521 -8.50
ZIP 5.5288 ⋆4.7793 -15.68
RE 19.025 ⋆18.101 -5.10
AZIP 6.2889 ⭐5.7576 -9.23
Smallworld
ZIC 21.253 ⋆19.874 -6.94
ZIP ⋆8.1008 9.0977 10.96
RE 19.205 ⋆18.702 -2.69
AZIP ⋆8.5609 9.2917 7.87
Scalefree
ZIC 21.078 ⋆19.772 -6.61
ZIP 6.3836 ⭐5.8282 -9.53
RE 19.057 ⋆18.3 -4.14
AZIP 6.5013 ⋆5.8551 -11.04
Different
Chain
ZIC 21.574 ⋆20.684 -4.30
ZIP ⋆8.3008 9.0364 8.14
RE 19.157 ⋆18.813 -1.83
AZIP ⋆8.2861 8.7772 5.60
Fully
ZIC ⋆19.952 20.135 0.91
ZIP 9.1003 ⋆8.5946 -5.88
RE 18.521 18.558 -
AZIP 8.9649 9.1098 -
Ring
ZIC 21.572 ⋆20.463 -5.42
ZIP ⋆8.1641 8.883 8.09
RE 19.097 ⋆18.73 -1.96
AZIP ⋆8.2254 8.6682 5.11
Star
ZIC 20.093 ⋆18.86 -6.54
ZIP 5.1283 4.7907 -7.05
RE 18.655 ⋆17.644 -5.73
AZIP 5.8647 5.6675 -3.48
Smallworld
ZIC 21.022 ⋆19.961 -5.32
ZIP ⋆8.0254 9.047 11.29
RE 19.062 ⋆18.634 -2.30
AZIP ⋆8.3382 9.4773 12.02
Scalefree
ZIC 20.48 ⋆19.034 -7.60
ZIP 5.7743 ⭐5.4438 -6.07
RE 18.866 ⋆17.78 -6.11
AZIP 6.4667 ⋆5.5515 -16.49
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95% level
for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value indicates
the global α of the transfer learning strategy is lower.
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Table C.19: Global coefficient of convergence comparison between SF-SM and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 22.53 ⋆21.959 -2.60
ZIP 7.7278 ⋆7.0299 -9.93
RE 20.002 ⋆19.545 -2.34
AZIP 7.3904 ⋆6.7279 -9.85
Fully
ZIC ⋆21.729 21.772 0.20
ZIP ⋆7.0909 7.222 1.82
RE ⋆19.308 19.366 0.30
AZIP 7.2468 ⋆7.1385 -1.52
Ring
ZIC 22.466 ⋆21.928 -2.45
ZIP 7.053 ⋆6.8631 -2.77
RE 19.894 ⋆19.516 -1.94
AZIP 7.2119 ⋆6.7085 -7.50
Star
ZIC 22.246 ⋆21.555 -3.21
ZIP ⋆6.7548 7.163 5.70
RE 19.742 ⋆19.286 -2.36
AZIP ⋆6.9436 7.0348 1.30
Smallworld
ZIC 22.151 ⋆21.739 -1.90
ZIP ⋆6.5421 7.0801 7.60
RE 19.692 ⋆19.397 -1.52
AZIP ⋆6.4034 6.7701 5.42
Scalefree
ZIC 22.224 ⋆21.68 -2.51
ZIP ⋆6.63 7.1286 6.99
RE 19.644 ⋆19.333 -1.61
AZIP ⋆6.5135 6.8992 5.59
Different
Chain
ZIC 22.53 ⋆22.103 -1.93
ZIP 7.7278 ⋆6.9193 -11.68
RE 20.002 ⋆19.378 -3.22
AZIP 7.3904 ⋆6.8227 -8.32
Fully
ZIC ⋆21.729 21.751 0.10
ZIP ⋆7.0909 7.2111 1.67
RE 19.308 ⋆19.173 -0.70
AZIP 7.2468 ⋆7.1803 -0.93
Ring
ZIC 22.466 ⋆21.944 -2.38
ZIP 7.053 ⋆6.6721 -5.71
RE 19.894 ⋆19.321 -2.97
AZIP 7.2119 ⋆6.7016 -7.61
Star
ZIC 22.246 ⋆21.565 -3.16
ZIP ⋆6.7548 7.3054 7.54
RE 19.742 ⋆19.078 -3.48
AZIP 6.9436 6.9573 0.20
Smallworld
ZIC 22.151 ⋆21.747 -1.86
ZIP ⋆6.5421 6.976 6.22
RE 19.692 ⋆19.215 -2.48
AZIP ⋆6.4034 6.8337 6.30
Scalefree
ZIC 22.224 ⋆21.683 -2.50
ZIP ⋆6.63 7.172 7.56
RE 19.644 ⋆19.149 -2.58
AZIP ⋆6.5135 7.0136 7.13
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95% level
for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value indicates
the global α of the transfer learning strategy is lower.
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Table C.20: Last-10-day global coefficient of convergence comparison between SF-SM
and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 22.482 ⋆21.906 -2.63
ZIP 6.9765 ⭐6.8012 -2.58
RE 19.995 ⋆19.464 -2.73
AZIP 6.6784 ⭐6.4842 -2.99
Fully
ZIC 21.719 21.72 -
ZIP 7.6435 7.7352 -
RE 19.297 19.313 -
AZIP 7.9425 ⋆7.6068 -4.41
Ring
ZIC 22.394 ⋆21.878 -2.36
ZIP ⋆6.5641 6.86 4.31
RE 19.702 ⋆19.373 -1.70
AZIP 6.5039 6.4725 -
Star
ZIC 22.055 ⋆21.562 -2.29
ZIP ⋆6.4433 7.3328 12.13
RE 19.525 ⋆19.204 -1.67
AZIP 6.2992 ⋆7.027 10.36
Smallworld
ZIC 22.094 ⋆21.768 -1.50
ZIP ⋆6.449 7.2017 10.45
RE 19.632 ⋆19.314 -1.65
AZIP ⋆6.2297 6.8207 8.66
Scalefree
ZIC 22.153 ⋆21.657 -2.29
ZIP ⋆6.6701 7.1124 6.22
RE 19.431 ⋆19.31 -0.63
AZIP ⋆6.3876 6.9812 8.50
Different
Chain
ZIC 22.482 ⋆22.059 -1.92
ZIP 6.9765 ⭐6.8327 -2.10
RE 19.995 ⋆19.317 -3.51
AZIP 6.6784 6.6998 -
Fully
ZIC 21.719 21.724 -
ZIP 7.6435 7.6903 -
RE 19.297 ⋆19.189 -0.56
AZIP 7.9425 ⋆7.6337 -4.05
Ring
ZIC 22.394 ⋆21.856 -2.46
ZIP 6.5641 6.4464 -
RE 19.702 ⋆19.233 -2.44
AZIP 6.5039 ⭐6.341 -2.57
Star
ZIC 22.055 ⋆21.556 -2.31
ZIP ⋆6.4433 7.648 15.75
RE 19.525 ⋆18.999 -2.77
AZIP ⋆6.2992 7.0393 10.51
Smallworld
ZIC 22.094 ⋆21.774 -1.47
ZIP ⋆6.449 7.1029 9.21
RE 19.632 ⋆19.149 -2.52
AZIP ⋆6.2297 6.8576 9.16
Scalefree
ZIC 22.153 ⋆21.68 -2.18
ZIP ⋆6.6701 7.3496 9.25
RE 19.431 ⋆19.058 -1.96
AZIP ⋆6.3876 6.9949 8.68
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.21: Global coefficient of convergence comparison in CH markets between SF-
EG and MHSF-EG
Charge Type Network Trading Strategy SF-EG MHSF-EG ∆%
Same
Chain
ZIC 9.39 ⋆9.2666 -1.33
ZIP ⋆9.7248 9.8041 0.81
RE 9.1906 ⋆8.9944 -2.18
AZIP ⋆9.8256 10.08 2.52
Fully
ZIC ⋆8.8147 8.8413 0.30
ZIP 9.7854 9.7798 -
RE 8.6578 8.6655 -
AZIP 10.376 10.393 -
Ring
ZIC ⋆9.1313 9.2902 1.71
ZIP ⋆9.4932 9.8557 3.68
RE ⋆8.7877 8.9507 1.82
AZIP ⋆9.654 10.115 4.56
Star
ZIC 7.7172 ⋆7.3884 -4.45
ZIP 5.8653 ⋆5.8226 -0.73
RE 7.4647 ⋆7.1429 -4.51
AZIP 6.0006 ⋆5.9025 -1.66
Smallworld
ZIC ⋆8.9232 9.1951 2.96
ZIP ⋆9.4522 9.9988 5.47
RE ⋆8.6404 9.0042 4.04
AZIP ⋆9.7645 10.419 6.28
Scalefree
ZIC 7.8833 ⋆7.699 -2.39
ZIP 7.1083 ⋆7.0386 -0.99
RE 7.6275 ⋆7.535 -1.23
AZIP 7.4002 ⋆7.1764 -3.12
Different
Chain
ZIC 9.3643 9.362 -0.02
ZIP ⋆9.5856 9.8863 3.04
RE 8.9382 ⋆8.888 -0.56
AZIP ⋆9.9047 10.136 2.28
Fully
ZIC ⋆8.4089 8.4449 0.43
ZIP 9.7212 9.7028 -
RE 8.1811 8.1871 -
AZIP 10.228 10.254 -
Ring
ZIC ⋆9.1653 9.2272 0.67
ZIP ⋆9.4531 9.8801 4.32
RE 8.8525 8.8199 -
AZIP ⋆9.7315 10.153 4.15
Star
ZIC 7.7879 ⋆7.3633 -5.77
ZIP 5.6933 ⋆5.6877 -0.10
RE 7.4751 ⋆7.0478 -6.06
AZIP 5.7141 ⋆5.6305 -1.48
Smallworld
ZIC ⋆8.6997 8.9294 2.57
ZIP ⋆9.4635 9.9536 4.92
RE ⋆8.4658 8.6239 1.83
AZIP ⋆9.8223 10.391 5.47
Scalefree
ZIC 7.7923 ⋆7.7139 -1.02
ZIP 7.0016 ⋆6.9259 -1.09
RE 7.5467 ⋆7.3844 -2.20
AZIP 7.3803 ⋆7.1963 -2.56
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table C.22: Last-10-day Global coefficient of convergence comparison in CH markets
between SF-EG and MHSF-EG
Charge Type Network Trading Strategy SF-EG MHSF-EG ∆%
Same
Chain
ZIC 8.6292 8.6645 -
ZIP 9.0318 9.0041 -
RE 8.5612 ⋆8.3863 -2.09
AZIP ⋆9.0167 9.4314 4.40
Fully
ZIC ⋆8.0398 8.2677 2.76
ZIP 8.7005 8.6298 -
RE ⭐7.9885 8.1224 1.65
AZIP 9.0814 9.2658 -
Ring
ZIC ⋆8.412 8.7896 4.30
ZIP ⋆8.6701 9.1679 5.43
RE ⭐8.1698 8.333 1.96
AZIP ⭐8.9476 9.1607 2.33
Star
ZIC 7.1393 ⋆6.6432 -7.47
ZIP 4.5116 ⭐4.3461 -3.81
RE 6.7384 ⋆6.5094 -3.52
AZIP 4.704 ⋆4.648 -1.20
Smallworld
ZIC ⋆8.3316 8.5549 2.61
ZIP ⋆8.4269 8.9084 5.41
RE ⋆8.0851 8.4576 4.40
AZIP ⋆8.9843 9.6171 6.58
Scalefree
ZIC 7.1525 ⭐6.9094 -3.52
ZIP 5.8282 ⋆5.4083 -7.76
RE 6.9024 ⋆6.6627 -3.60
AZIP 6.1295 ⭐5.7146 -7.26
Different
Chain
ZIC 8.7847 8.778 -
ZIP 9.0501 9.1656 -
RE 8.3709 ⭐8.2524 -1.44
AZIP ⋆9.0233 9.4344 4.36
Fully
ZIC ⭐7.3565 7.4843 1.71
ZIP 8.6993 ⋆8.2716 -5.17
RE 7.3363 ⋆7.1854 -2.10
AZIP 9.1844 8.9523 -
Ring
ZIC ⋆8.4001 8.6666 3.08
ZIP ⋆8.643 9.4411 8.45
RE 7.9886 8.038 -
AZIP ⭐9.0913 9.3401 2.66
Star
ZIC 7.0828 ⋆6.715 -5.48
ZIP 4.4497 ⭐4.1292 -7.76
RE 7.106 ⋆6.4131 -10.80
AZIP 4.4101 ⋆3.8725 -13.88
Smallworld
ZIC ⋆7.745 8.1022 4.41
ZIP ⋆8.6154 8.9602 3.85
RE ⭐7.7029 7.843 1.79
AZIP ⋆8.7262 9.6359 9.44
Scalefree
ZIC 6.9925 ⋆6.6478 -5.19
ZIP 6.0088 ⋆5.1174 -17.42
RE 6.7557 6.6703 -
AZIP 5.8786 ⋆5.4212 -8.44
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95% level
for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value indicates
the global α of the transfer learning strategy is lower.
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Table C.23: Global coefficient of convergence comparison in CH markets between SF-SM
and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 12.592 ⋆12.023 -4.73
ZIP 9.068 ⋆8.5741 -5.76
RE 12.215 ⋆11.551 -5.75
AZIP 9.322 ⋆8.3667 -11.42
Fully
ZIC ⋆11.449 11.378 -0.62
ZIP ⋆8.5218 8.6776 1.80
RE 11.008 11.21 1.80
AZIP 8.5515 8.5462 -
Ring
ZIC 12.342 ⋆12.13 -1.75
ZIP 8.8335 ⋆8.3991 -5.17
RE 12.148 ⋆11.998 -1.25
AZIP 9.0642 ⋆8.3049 -9.14
Star
ZIC 12.589 ⋆12 -4.91
ZIP 9.0287 ⋆8.8192 -2.38
RE 12.261 ⋆11.401 -7.54
AZIP 8.9008 ⋆8.747 -1.76
Smallworld
ZIC 12.067 ⋆11.811 -2.17
ZIP ⋆8.2447 8.2736 0.35
RE 11.571 ⋆11.47 -0.88
AZIP ⋆8.3103 8.5238 2.50
Scalefree
ZIC 12.271 ⋆12.038 -1.94
ZIP ⋆8.4992 8.5337 0.40
RE 11.786 ⋆11.638 -1.27
AZIP 8.5821 ⋆8.4528 -1.53
Different
Chain
ZIC 12.592 ⋆12.32 -2.21
ZIP 9.068 ⋆8.4315 -7.55
RE 12.215 ⋆11.576 -5.52
AZIP 9.322 ⋆8.4116 -10.82
Fully
ZIC 11.449 ⋆11.282 -1.48
ZIP 8.5218 8.5028 -
RE 11.008 ⋆10.994 -0.13
AZIP ⋆8.5515 8.5994 0.56
Ring
ZIC 12.342 ⋆12.122 -1.81
ZIP 8.8335 ⋆8.3677 -5.57
RE 12.148 ⋆11.737 -3.50
AZIP 9.0642 ⋆8.159 -11.09
Star
ZIC 12.589 ⋆11.812 -6.58
ZIP 9.0287 ⋆8.9582 -0.79
RE 12.261 ⋆11.836 -3.59
AZIP 8.9008 ⋆8.8388 -0.70
Smallworld
ZIC ⋆12.067 12.094 0.22
ZIP ⋆8.2447 8.5771 3.88
RE 11.571 ⋆11.517 -0.47
AZIP 8.3103 ⋆8.2141 -1.17
Scalefree
ZIC 12.271 ⋆12.063 -1.72
ZIP ⋆8.4992 8.5706 0.83
RE 11.786 ⋆11.401 -3.38
AZIP 8.5821 ⋆8.5209 -0.72
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95% level
for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value indicates
the global α of the transfer learning strategy is lower.
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Table C.24: Last-10-day global coefficient of convergence comparison in CH markets
between SF-SM and MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 12.372 ⋆11.875 -4.19
ZIP 8.5479 8.4034 -
RE 11.992 ⋆11.395 -5.24
AZIP 8.6449 ⋆8.1409 -6.19
Fully
ZIC 10.882 10.832 -
ZIP 9.052 9.0671 -
RE ⋆10.338 10.559 2.09
AZIP ⋆8.7092 9.0204 3.45
Ring
ZIC 12.179 11.972 -1.73
ZIP 8.5783 ⋆8.306 -3.28
RE 11.922 11.769 -
AZIP 8.5513 ⋆8.1711 -4.65
Star
ZIC 12.398 ⋆11.717 -5.81
ZIP ⋆8.6193 9.0207 4.45
RE 12.019 ⋆11.165 -7.65
AZIP ⋆8.3987 8.8326 4.91
Smallworld
ZIC 11.849 ⋆11.602 -2.13
ZIP ⭐8.11 8.3601 2.99
RE 11.344 11.299 -
AZIP ⋆8.2139 8.5279 3.68
Scalefree
ZIC 12.035 ⋆11.772 -2.23
ZIP ⭐8.1819 8.4829 3.55
RE 11.531 ⭐11.376 -1.36
AZIP 8.4425 8.5068 -
Different
Chain
ZIC 12.372 12.182 -
ZIP 8.5479 ⋆8.2341 -3.81
RE 11.992 ⋆11.413 -5.07
AZIP 8.6449 ⋆8.2001 -5.42
Fully
ZIC 10.882 10.77 -
ZIP 9.052 ⋆8.7696 -3.22
RE 10.338 10.399 -
AZIP 8.7092 8.8187 -
Ring
ZIC 12.179 ⭐11.995 -1.53
ZIP 8.5783 ⋆8.2756 -3.66
RE 11.922 ⋆11.572 -3.02
AZIP 8.5513 ⋆8.1188 -5.33
Star
ZIC 12.398 ⋆11.685 -6.10
ZIP ⋆8.6193 8.9901 4.12
RE 12.019 ⋆11.507 -4.45
AZIP ⋆8.3987 8.7418 3.92
Smallworld
ZIC 11.849 11.867 -
ZIP ⋆8.11 8.4696 4.25
RE 11.344 11.261 -
AZIP 8.2139 ⭐8.0157 -2.47
Scalefree
ZIC 12.035 ⭐11.837 -1.67
ZIP ⋆8.1819 8.7588 6.59
RE 11.531 ⋆11.116 -3.73
AZIP 8.4425 8.5515 -
On a given row, numbers with ⋆ indicate that the global α is significantly lower at the 95% level for both
family-wise and pair-wise tests, numbers with ⭐ indicate that the global α is significantly lower at the 95%
level for only pair-wise test, ∆ is the difference between the two values being compared, a positive ∆% value
indicates the global α of the transfer learning strategy is lower.
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Table D.1: Last-10-day trader distribution comparison between ǫ-greedy strategy and
SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 0.96816 ⋆0.97902 1.12
ZIP 0.97711 ⋆0.98616 0.93
RE 0.97044 ⋆0.98239 1.23
AZIP 0.97916 ⋆0.98417 0.51
Fully
ZIC 0.96623 ⋆0.98042 1.47
ZIP 0.97283 ⋆0.98332 1.08
RE 0.9685 ⋆0.98062 1.25
AZIP 0.97487 ⋆0.98344 0.88
Ring
ZIC 0.97094 ⋆0.98158 1.10
ZIP 0.98023 ⋆0.98629 0.62
RE 0.97231 ⋆0.98168 0.96
AZIP 0.97982 ⋆0.98638 0.67
Star
ZIC 0.98303 ⋆0.98893 0.60
ZIP 0.97701 ⋆0.99162 1.50
RE 0.98347 ⋆0.98808 0.47
AZIP 0.98069 ⋆0.99162 1.11
Smallworld
ZIC 0.96875 ⋆0.9834 1.51
ZIP 0.97683 ⋆0.98567 0.90
RE 0.96844 ⋆0.98211 1.41
AZIP 0.97689 ⋆0.98455 0.78
Scalefree
ZIC 0.97624 ⋆0.98602 1.00
ZIP 0.97525 ⋆0.99156 1.67
RE 0.97945 ⋆0.98502 0.57
AZIP 0.9756 ⋆0.99157 1.64
Different
Chain
ZIC 0.96745 ⋆0.97954 1.25
ZIP 0.98025 ⋆0.98524 0.51
RE 0.96583 ⋆0.98284 1.76
AZIP 0.98028 ⋆0.98487 0.47
Fully
ZIC 0.96268 ⋆0.98337 2.15
ZIP 0.97618 ⋆0.98386 0.79
RE 0.96927 ⋆0.98392 1.51
AZIP 0.97415 ⋆0.98319 0.93
Ring
ZIC 0.96499 ⋆0.98156 1.72
ZIP 0.9814 ⋆0.98598 0.47
RE 0.97052 ⋆0.98562 1.56
AZIP 0.97944 ⋆0.98449 0.52
Star
ZIC 0.98129 ⋆0.98835 0.72
ZIP 0.97745 ⋆0.99257 1.55
RE 0.98262 ⋆0.99017 0.77
AZIP 0.97709 ⋆0.99149 1.47
Smallworld
ZIC 0.96191 ⋆0.98446 2.34
ZIP 0.97685 ⋆0.98505 0.84
RE 0.96485 ⋆0.98369 1.95
AZIP 0.97845 ⋆0.98479 0.65
Scalefree
ZIC 0.97575 ⋆0.98812 1.27
ZIP 0.97759 ⋆0.99163 1.44
RE 0.97416 ⋆0.9864 1.26
AZIP 0.97437 ⋆0.9918 1.79
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95%
level for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is
significantly higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being
compared, a positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
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Table D.2: Last-10-day trader distribution comparison between ǫ-greedy strategy and
MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZIC 0.96816 ⋆0.98057 1.28
ZIP 0.97711 ⋆0.9819 0.49
RE 0.97044 ⋆0.97999 0.98
AZIP 0.97916 ⭐0.98207 0.30
Fully
ZIC 0.96623 ⋆0.98101 1.53
ZIP 0.97283 ⋆0.98285 1.03
RE 0.9685 ⋆0.97968 1.15
AZIP 0.97487 ⋆0.98276 0.81
Ring
ZIC 0.97094 ⋆0.98163 1.10
ZIP 0.98023 ⭐0.98334 0.32
RE 0.97231 ⋆0.97878 0.67
AZIP 0.97982 ⭐0.98305 0.33
Star
ZIC 0.98303 0.98428 -
ZIP 0.97701 ⋆0.98929 1.26
RE 0.98347 0.98324 -
AZIP 0.98069 ⋆0.98846 0.79
Smallworld
ZIC 0.96875 ⋆0.97901 1.06
ZIP 0.97683 ⋆0.98191 0.52
RE 0.96844 ⋆0.97805 0.99
AZIP 0.97689 ⋆0.98072 0.39
Scalefree
ZIC 0.97624 ⋆0.98041 0.43
ZIP 0.97525 ⋆0.9916 1.68
RE 0.97945 ⭐0.9827 0.33
AZIP 0.9756 ⋆0.99025 1.50
Different
Chain
ZIC 0.96745 ⋆0.98149 1.45
ZIP 0.98025 ⋆0.98295 0.28
RE 0.96583 ⋆0.98136 1.61
AZIP 0.98028 ⋆0.98397 0.38
Fully
ZIC 0.96268 ⋆0.9827 2.08
ZIP 0.97618 ⋆0.98404 0.81
RE 0.96927 ⋆0.98174 1.29
AZIP 0.97415 ⋆0.98328 0.94
Ring
ZIC 0.96499 ⋆0.98244 1.81
ZIP 0.9814 0.98318 -
RE 0.97052 ⋆0.98154 1.14
AZIP 0.97944 ⋆0.98389 0.45
Star
ZIC 0.98129 ⋆0.98686 0.57
ZIP 0.97745 ⋆0.99187 1.48
RE 0.98262 ⋆0.9883 0.58
AZIP 0.97709 ⋆0.99029 1.35
Smallworld
ZIC 0.96191 ⋆0.98108 1.99
ZIP 0.97685 ⋆0.98136 0.46
RE 0.96485 ⋆0.97906 1.47
AZIP 0.97845 0.98029 -
Scalefree
ZIC 0.97575 ⋆0.9842 0.87
ZIP 0.97759 ⋆0.99173 1.45
RE 0.97416 ⋆0.98824 1.45
AZIP 0.97437 ⋆0.99119 1.73
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95%
level for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is
significantly higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being
compared, a positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
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Table D.3: Last-10-day trader distribution comparison between softmax strategy and
SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 0.91905 ⋆0.96332 4.82
ZIP 0.96015 ⋆0.98933 3.04
RE 0.92842 ⋆0.96385 3.82
AZIP 0.96759 ⋆0.99197 2.52
Fully
ZIC 0.94533 ⋆0.9748 3.12
ZIP 0.97702 ⋆0.98897 1.22
RE 0.94706 ⋆0.97849 3.32
AZIP 0.97836 ⋆0.98838 1.02
Ring
ZIC 0.92466 ⋆0.96549 4.42
ZIP 0.96327 ⋆0.99175 2.96
RE 0.92106 ⋆0.96882 5.19
AZIP 0.96733 ⋆0.99131 2.48
Star
ZIC 0.92262 ⋆0.96294 4.37
ZIP 0.96237 ⋆0.99246 3.13
RE 0.92938 ⋆0.96707 4.06
AZIP 0.96455 ⋆0.99265 2.91
Smallworld
ZIC 0.92828 ⋆0.96845 4.33
ZIP 0.97329 ⋆0.99221 1.94
RE 0.93335 ⋆0.96937 3.86
AZIP 0.971 ⋆0.99306 2.27
Scalefree
ZIC 0.9237 ⋆0.96791 4.79
ZIP 0.96922 ⋆0.99241 2.39
RE 0.92639 ⋆0.96959 4.66
AZIP 0.9678 ⋆0.99278 2.58
Different
Chain
ZIC 0.91233 ⋆0.96332 5.59
ZIP 0.96446 ⋆0.98933 2.58
RE 0.91891 ⋆0.96385 4.89
AZIP 0.96814 ⋆0.99197 2.46
Fully
ZIC 0.9461 ⋆0.9748 3.03
ZIP 0.97995 ⋆0.98897 0.92
RE 0.95517 ⋆0.97849 2.44
AZIP 0.97904 ⋆0.98838 0.95
Ring
ZIC 0.91982 ⋆0.96549 4.97
ZIP 0.96508 ⋆0.99175 2.76
RE 0.92711 ⋆0.96882 4.50
AZIP 0.96513 ⋆0.99131 2.71
Star
ZIC 0.92232 ⋆0.96294 4.40
ZIP 0.96645 ⋆0.99246 2.69
RE 0.92097 ⋆0.96707 5.01
AZIP 0.96249 ⋆0.99265 3.13
Smallworld
ZIC 0.92791 ⋆0.96845 4.37
ZIP 0.97104 ⋆0.99221 2.18
RE 0.92912 ⋆0.96937 4.33
AZIP 0.96962 ⋆0.99306 2.42
Scalefree
ZIC 0.92593 ⋆0.96791 4.53
ZIP 0.96531 ⋆0.99241 2.81
RE 0.9272 ⋆0.96959 4.57
AZIP 0.96602 ⋆0.99278 2.77
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95%
level for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is
significantly higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being
compared, a positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
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Table D.4: Last-10-day trader distribution comparison between softmax strategy and
MHSF-SM
Charge Type Network Trading Strategy Softmax MHSF-SM ∆%
Same
Chain
ZIC 0.91905 ⋆0.97276 5.84
ZIP 0.96015 ⋆0.99177 3.29
RE 0.92842 ⋆0.96895 4.37
AZIP 0.96759 ⋆0.99249 2.57
Fully
ZIC 0.94533 ⋆0.97573 3.22
ZIP 0.97702 ⋆0.98794 1.12
RE 0.94706 ⋆0.97955 3.43
AZIP 0.97836 ⋆0.98954 1.14
Ring
ZIC 0.92466 ⋆0.96566 4.43
ZIP 0.96327 ⋆0.99155 2.94
RE 0.92106 ⋆0.96991 5.30
AZIP 0.96733 ⋆0.99191 2.54
Star
ZIC 0.92262 ⋆0.968 4.92
ZIP 0.96237 ⋆0.99112 2.99
RE 0.92938 ⋆0.97169 4.55
AZIP 0.96455 ⋆0.99222 2.87
Smallworld
ZIC 0.92828 ⋆0.97187 4.70
ZIP 0.97329 ⋆0.99162 1.88
RE 0.93335 ⋆0.97382 4.34
AZIP 0.971 ⋆0.99239 2.20
Scalefree
ZIC 0.9237 ⋆0.96946 4.95
ZIP 0.96922 ⋆0.99127 2.28
RE 0.92639 ⋆0.97289 5.02
AZIP 0.9678 ⋆0.99119 2.42
Different
Chain
ZIC 0.91233 ⋆0.96484 5.76
ZIP 0.96446 ⋆0.99298 2.96
RE 0.91891 ⋆0.97044 5.61
AZIP 0.96814 ⋆0.99218 2.48
Fully
ZIC 0.9461 ⋆0.9752 3.08
ZIP 0.97995 ⋆0.98824 0.85
RE 0.95517 ⋆0.97861 2.45
AZIP 0.97904 ⋆0.98826 0.94
Ring
ZIC 0.91982 ⋆0.96723 5.15
ZIP 0.96508 ⋆0.99306 2.90
RE 0.92711 ⋆0.97244 4.89
AZIP 0.96513 ⋆0.99251 2.84
Star
ZIC 0.92232 ⋆0.96864 5.02
ZIP 0.96645 ⋆0.9904 2.48
RE 0.92097 ⋆0.97164 5.50
AZIP 0.96249 ⋆0.99091 2.95
Smallworld
ZIC 0.92791 ⋆0.97229 4.78
ZIP 0.97104 ⋆0.9907 2.02
RE 0.92912 ⋆0.97557 5.00
AZIP 0.96962 ⋆0.99247 2.36
Scalefree
ZIC 0.92593 ⋆0.96952 4.71
ZIP 0.96531 ⋆0.99082 2.64
RE 0.9272 ⋆0.97218 4.85
AZIP 0.96602 ⋆0.99132 2.62
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95%
level for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is
significantly higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being
compared, a positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
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Table D.5: Last-10-day Trader distribution comparison in CH markets between ǫ-
greedy strategy and SF-EG
Charge Type Network Trading Strategy ǫ-greedy SF-EG ∆%
Same
Chain
ZIC 0.97558 ⋆0.98029 0.48
ZIP 0.98004 ⋆0.98523 0.53
RE 0.97463 ⋆0.97822 0.37
AZIP 0.97593 ⋆0.98457 0.89
Fully
ZIC 0.97477 0.97639 -
ZIP 0.97362 ⋆0.98515 1.18
RE 0.97331 0.97439 -
AZIP 0.9739 ⋆0.98218 0.85
Ring
ZIC 0.97748 ⭐0.98001 0.26
ZIP 0.97931 ⋆0.9863 0.71
RE 0.97799 0.97914 -
AZIP 0.98012 ⋆0.98408 0.40
Star
ZIC 0.98164 0.9841 -
ZIP 0.97818 ⋆0.99157 1.37
RE 0.98306 ⋆0.98565 0.26
AZIP 0.97894 ⋆0.99144 1.28
Smallworld
ZIC 0.97687 ⋆0.97973 0.29
ZIP 0.97689 ⭐0.98499 0.83
RE 0.97492 ⋆0.979 0.42
AZIP 0.97904 ⋆0.9842 0.53
Scalefree
ZIC 0.97997 ⋆0.98507 0.52
ZIP 0.97554 ⋆0.99144 1.63
RE 0.98004 ⋆0.98434 0.44
AZIP 0.97828 ⋆0.99019 1.22
Different
Chain
ZIC 0.97471 ⋆0.9798 0.52
ZIP 0.97992 ⋆0.9846 0.48
RE 0.97513 ⋆0.98121 0.62
AZIP 0.97935 ⋆0.9846 0.54
Fully
ZIC 0.97624 ⋆0.9805 0.44
ZIP 0.97729 ⋆0.98303 0.59
RE 0.97432 ⋆0.98006 0.59
AZIP 0.9753 ⋆0.98221 0.71
Ring
ZIC 0.97697 ⋆0.98211 0.53
ZIP 0.98204 ⋆0.9869 0.49
RE 0.97765 ⋆0.98173 0.42
AZIP 0.98 ⋆0.98456 0.47
Star
ZIC 0.98174 ⋆0.98544 0.38
ZIP 0.97825 ⋆0.99147 1.35
RE 0.98124 ⋆0.98437 0.32
AZIP 0.97621 ⋆0.99155 1.57
Smallworld
ZIC 0.97581 ⋆0.98148 0.58
ZIP 0.97934 ⋆0.98556 0.64
RE 0.97697 ⋆0.9805 0.36
AZIP 0.97925 ⋆0.98545 0.63
Scalefree
ZIC 0.98094 ⋆0.98562 0.48
ZIP 0.97712 ⋆0.99036 1.36
RE 0.98037 ⋆0.98596 0.57
AZIP 0.97779 ⋆0.9909 1.34
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95%
level for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is
significantly higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being
compared, a positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
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Table D.6: Last-10-day Trader distribution comparison in CH markets between ǫ-greedy
strategy and MHSF-EG
Charge Type Network Trading Strategy ǫ-greedy MHSF-EG ∆%
Same
Chain
ZI 0.97558 0.97759 -
ZIP 0.98004 ⋆0.98493 0.50
RE 0.97463 0.97759 -
AZIP 0.97593 ⋆0.98349 0.77
Fully
ZIC 0.97477 0.97546 -
ZIP 0.97362 ⋆0.98554 1.22
RE 0.97331 0.97375 -
AZIP 0.9739 ⋆0.98319 0.95
Ring
ZIC 0.97748 0.97571 -
ZIP 0.97931 ⋆0.98416 0.50
RE 0.97799 0.97665 -
AZIP 0.98012 ⋆0.98439 0.44
Star
ZIC 0.98164 0.98149 -
ZIP 0.97818 ⋆0.99 1.21
RE ⭐0.98306 0.98044 -0.27
AZIP 0.97894 ⋆0.98963 1.09
Smallworld
ZIC 0.97687 0.97461 -
ZIP 0.97689 ⋆0.98353 0.68
RE ⭐0.97492 0.97243 -0.26
AZIP 0.97904 0.98072 -
Scalefree
ZIC 0.97997 0.98115 -
ZIP 0.97554 ⋆0.99115 1.60
RE 0.98004 0.98165 -
AZIP 0.97828 ⋆0.98964 1.16
Different
Chain
ZIC 0.97471 ⭐0.97873 0.41
ZIP 0.97992 0.98291 -
RE 0.97513 0.97796 -
AZIP 0.97935 ⭐0.98231 0.30
Fully
ZIC 0.97624 ⋆0.98101 0.49
ZIP 0.97729 ⋆0.98551 0.84
RE 0.97432 ⋆0.98032 0.62
AZIP 0.9753 ⋆0.98244 0.73
Ring
ZIC 0.97697 0.97744 -
ZIP 0.98204 0.98258 -
RE 0.97765 0.97739 -
AZIP 0.98 ⭐0.98356 0.36
Star
ZIC 0.98174 0.98267 -
ZIP 0.97825 ⋆0.99089 1.29
RE 0.98124 0.98203 -
AZIP 0.97621 ⋆0.98963 1.37
Smallworld
ZIC 0.97581 ⭐0.97845 0.27
ZIP 0.97934 ⭐0.98164 0.23
RE 0.97697 0.97858 -
AZIP 0.97925 ⭐0.98205 0.29
Scalefree
ZIC 0.98094 ⋆0.98448 0.36
ZIP 0.97712 ⋆0.99043 1.36
RE 0.98037 ⭐0.98367 0.34
AZIP 0.97779 ⋆0.99019 1.27
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
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Table D.7: Last-10-day trader distribution comparison in CH markets between soft-
max strategy and SF-SM
Charge Type Network Trading Strategy Softmax SF-SM ∆%
Same
Chain
ZIC 0.95301 ⋆0.96458 1.21
ZIP 0.96062 ⋆0.98877 2.93
RE 0.9601 ⋆0.97006 1.04
AZIP 0.96429 ⋆0.98951 2.62
Fully
ZIC 0.97268 ⋆0.97949 0.70
ZIP 0.98021 ⋆0.98877 0.87
RE 0.97537 ⋆0.98022 0.50
AZIP 0.97836 ⋆0.98985 1.17
Ring
ZIC 0.95935 ⋆0.96856 0.96
ZIP 0.96646 ⋆0.99032 2.47
RE 0.9611 ⋆0.96843 0.76
AZIP 0.96425 ⋆0.99015 2.69
Star
ZIC 0.96261 ⋆0.97022 0.79
ZIP 0.96492 ⋆0.98916 2.51
RE 0.96413 ⋆0.97332 0.95
AZIP 0.96281 ⋆0.98989 2.81
Smallworld
ZIC 0.962 ⋆0.97072 0.91
ZIP 0.96555 ⋆0.99222 2.76
RE 0.9655 ⋆0.97426 0.91
AZIP 0.97316 ⋆0.99188 1.92
Scalefree
ZIC 0.96247 ⋆0.97146 0.93
ZIP 0.96826 ⋆0.99166 2.42
RE 0.95915 ⋆0.97436 1.59
AZIP 0.96812 ⋆0.99013 2.27
Different
Chain
ZIC 0.96306 0.96458 -
ZIP 0.96277 ⋆0.98877 2.70
RE 0.95945 ⋆0.97006 1.11
AZIP 0.96247 ⋆0.98951 2.81
Fully
ZIC 0.97379 ⋆0.97949 0.59
ZIP 0.98102 ⋆0.98877 0.79
RE 0.97421 ⋆0.98022 0.62
AZIP 0.9809 ⋆0.98985 0.91
Ring
ZIC 0.95889 ⋆0.96856 1.01
ZIP 0.96499 ⋆0.99032 2.62
RE 0.96015 ⋆0.96843 0.86
AZIP 0.96682 ⋆0.99015 2.41
Star
ZIC 0.95898 ⋆0.97022 1.17
ZIP 0.96734 ⋆0.98916 2.26
RE 0.9641 ⋆0.97332 0.96
AZIP 0.96492 ⋆0.98989 2.59
Smallworld
ZIC 0.96435 ⋆0.97072 0.66
ZIP 0.97023 ⋆0.99222 2.27
RE 0.96207 ⋆0.97426 1.27
AZIP 0.97054 ⋆0.99188 2.20
Scalefree
ZIC 0.95814 ⋆0.97146 1.39
ZIP 0.96632 ⋆0.99166 2.62
RE 0.96386 ⋆0.97436 1.09
AZIP 0.96515 ⋆0.99013 2.59
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95%
level for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is
significantly higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being
compared, a positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
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Table D.8: Last-10-day trader distribution comparison in CH markets between soft-
max strategy and MHSF-SM
Charge Type Network Trading Strategy Softmax MHSF-SM ∆%
Same
Chain
ZIC 0.95301 ⋆0.9753 2.34
ZIP 0.96062 ⋆0.99247 3.32
RE 0.9601 ⋆0.974 1.45
AZIP 0.96429 ⋆0.99211 2.89
Fully
ZIC 0.97268 ⋆0.97945 0.70
ZIP 0.98021 ⋆0.98791 0.79
RE 0.97537 ⋆0.98007 0.48
AZIP 0.97836 ⋆0.9895 1.14
Ring
ZIC 0.95935 ⋆0.97304 1.43
ZIP 0.96646 ⋆0.99201 2.64
RE 0.9611 ⋆0.97576 1.53
AZIP 0.96425 ⋆0.99311 2.99
Star
ZIC 0.96261 ⋆0.97658 1.45
ZIP 0.96492 ⋆0.99114 2.72
RE 0.96413 ⋆0.97652 1.29
AZIP 0.96281 ⋆0.99114 2.94
Smallworld
ZIC 0.962 ⋆0.97579 1.43
ZIP 0.96555 ⋆0.99211 2.75
RE 0.9655 ⋆0.97786 1.28
AZIP 0.97316 ⋆0.99148 1.88
Scalefree
ZIC 0.96247 ⋆0.97468 1.27
ZIP 0.96826 ⋆0.99172 2.42
RE 0.95915 ⋆0.97709 1.87
AZIP 0.96812 ⋆0.9918 2.45
Different
Chain
ZIC 0.96306 0.96882 0.60
ZIP 0.96277 ⋆0.99169 3.00
RE 0.95945 ⋆0.97381 1.50
AZIP 0.96247 ⋆0.99217 3.09
Fully
ZIC 0.97379 ⋆0.98164 0.81
ZIP 0.98102 ⋆0.98952 0.87
RE 0.97421 ⋆0.98125 0.72
AZIP 0.9809 ⋆0.98996 0.92
Ring
ZIC 0.95889 ⋆0.9715 1.32
ZIP 0.96499 ⋆0.99292 2.89
RE 0.96015 ⋆0.97163 1.20
AZIP 0.96682 ⋆0.99276 2.68
Star
ZIC 0.95898 ⋆0.97355 1.52
ZIP 0.96734 ⋆0.99011 2.35
RE 0.9641 ⋆0.97522 1.15
AZIP 0.96492 ⋆0.99215 2.82
Smallworld
ZIC 0.96435 ⋆0.97165 0.76
ZIP 0.97023 ⋆0.99177 2.22
RE 0.96207 ⋆0.97848 1.71
AZIP 0.97054 ⋆0.99297 2.31
Scalefree
ZIC 0.95814 ⋆0.97371 1.63
ZIP 0.96632 ⋆0.99162 2.62
RE 0.96386 ⋆0.97865 1.53
AZIP 0.96515 ⋆0.99096 2.67
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95%
level for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is
significantly higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being
compared, a positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
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D.2 Transfer learning using local information VS transfer learning
using global information
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Table D.9: Last-10-day trader distribution comparison between SF-EG strategy and
MHSF-EG
Charge Type Network Trading Strategy SF-EG MHSF-EG ∆%
Same
Chain
ZIC 0.97902 ⭐0.98057 -0.16
ZIP ⋆0.98616 0.9819 0.43
RE ⭐0.98239 0.97999 0.24
AZIP ⭐0.98417 0.98207 0.21
Fully
ZIC 0.98042 ⭐0.98101 -0.06
ZIP ⭐0.98332 0.98285 0.05
RE ⭐0.98062 0.97968 0.10
AZIP ⭐0.98344 0.98276 0.07
Ring
ZIC 0.98158 ⭐0.98163 -0.01
ZIP ⋆0.98629 0.98334 0.30
RE ⭐0.98168 0.97878 0.30
AZIP ⋆0.98638 0.98305 0.34
Star
ZIC ⋆0.98893 0.98428 0.47
ZIP ⭐0.99162 0.98929 0.24
RE ⋆0.98808 0.98324 0.49
AZIP ⋆0.99162 0.98846 0.32
Smallworld
ZIC ⋆0.9834 0.97901 0.45
ZIP ⋆0.98567 0.98191 0.38
RE ⋆0.98211 0.97805 0.42
AZIP ⋆0.98455 0.98072 0.39
Scalefree
ZIC ⋆0.98602 0.98041 0.57
ZIP ⭐0.99156 0.9916 0.00
RE ⭐0.98502 0.9827 0.24
AZIP ⭐0.99157 0.99025 0.13
Different
Chain
ZIC 0.97954 ⭐0.98149 -0.20
ZIP ⭐0.98524 0.98295 0.23
RE ⭐0.98284 0.98136 0.15
AZIP ⭐0.98487 0.98397 0.09
Fully
ZIC ⭐0.98337 0.9827 0.07
ZIP 0.98386 ⭐0.98404 -0.02
RE ⭐0.98392 0.98174 0.22
AZIP 0.98319 ⭐0.98328 -0.01
Ring
ZIC 0.98156 ⭐0.98244 -0.09
ZIP ⭐0.98598 0.98318 0.28
RE ⭐0.98562 0.98154 0.42
AZIP ⭐0.98449 0.98389 0.06
Star
ZIC ⭐0.98835 0.98686 0.15
ZIP ⭐0.99257 0.99187 0.07
RE ⭐0.99017 0.9883 0.19
AZIP ⭐0.99149 0.99029 0.12
Smallworld
ZIC ⭐0.98446 0.98108 0.34
ZIP ⋆0.98505 0.98136 0.38
RE ⋆0.98369 0.97906 0.47
AZIP ⋆0.98479 0.98029 0.46
Scalefree
ZIC ⋆0.98812 0.9842 0.40
ZIP 0.99163 ⭐0.99173 -0.01
RE 0.9864 ⭐0.98824 -0.19
AZIP ⭐0.9918 0.99119 0.06
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
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Table D.10: Last-10-day trader distribution comparison between SF-SM strategy and
MHSF-SM
Charge Type Network Trading Strategy SF-SM MHSF-SM ∆%
Same
Chain
ZIC 0.96332 ⋆0.97276 -0.97
ZIP 0.98933 ⋆0.99177 -0.25
RE 0.96385 ⋆0.96895 -0.53
AZIP 0.99197 0.99249 -
Fully
ZIC 0.9748 0.97573 -
ZIP 0.98897 0.98794 -
RE 0.97849 0.97955 -
AZIP 0.98838 0.98954 -
Ring
ZIC 0.96549 0.96566 -
ZIP 0.99175 0.99155 -
RE 0.96882 0.96991 -
AZIP 0.99131 0.99191 -
Star
ZIC 0.96294 ⋆0.968 -0.52
ZIP 0.99246 0.99112 -
RE 0.96707 ⋆0.97169 -0.48
AZIP 0.99265 0.99222 -
Smallworld
ZIC 0.96845 ⋆0.97187 -0.35
ZIP 0.99221 0.99162 -
RE 0.96937 0.97382 -
AZIP 0.99306 0.99239 -
Scalefree
ZIC 0.96791 0.96946 -
ZIP ⋆0.99241 0.99127 0.12
RE 0.96959 0.97289 -
AZIP ⋆0.99278 0.99119 0.16
Different
Chain
ZIC 0.96332 0.96484 -
ZIP 0.98933 ⋆0.99298 -0.37
RE 0.96385 ⋆0.97044 -0.68
AZIP 0.99197 0.99218 -
Fully
ZIC 0.9748 0.9752 -
ZIP 0.98897 0.98824 -
RE 0.97849 0.97861 -
AZIP 0.98838 0.98826 -
Ring
ZIC 0.96549 0.96723 -
ZIP 0.99175 0.99306 -
RE 0.96882 ⋆0.97244 -0.37
AZIP 0.99131 0.99251 -
Star
ZIC 0.96294 ⋆0.96864 -0.59
ZIP ⋆0.99246 0.9904 0.21
RE 0.96707 ⋆0.97164 -0.47
AZIP ⋆0.99265 0.99091 0.18
Smallworld
ZIC 0.96845 ⋆0.97229 -0.39
ZIP ⋆0.99221 0.9907 0.15
RE 0.96937 ⋆0.97557 -0.64
AZIP 0.99306 0.99247 -
Scalefree
ZIC 0.96791 0.96952 -
ZIP ⋆0.99241 0.99082 0.16
RE 0.96959 0.97218 -
AZIP ⋆0.99278 0.99132 0.15
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
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Table D.11: Last-10-day Trader distribution comparison in CH markets between SF-EG
strategy and MHSF-EG
Charge Type Network Trading Strategy SF-EG MHSF-EG ∆%
Same
Chain
ZIC 0.98029 0.97759 0.28
ZIP 0.98523 0.98493 -
RE 0.97822 0.97759 -
AZIP 0.98457 0.98349 -
Fully
ZIC 0.97639 0.97546 -
ZIP 0.98515 0.98554 -
RE 0.97439 0.97375 -
AZIP 0.98218 0.98319 -
Ring
ZIC ⭐0.98001 0.97571 0.44
ZIP ⭐0.9863 0.98416 0.22
RE ⭐0.97914 0.97665 0.25
AZIP 0.98408 0.98439 -
Star
ZIC ⭐0.9841 0.98149 0.27
ZIP ⭐0.99157 0.99 0.16
RE ⭐0.98565 0.98044 0.53
AZIP ⭐0.99144 0.98963 0.18
Smallworld
ZIC ⋆0.97973 0.97461 0.53
ZIP 0.98499 0.98353 -
RE ⋆0.979 0.97243 0.68
AZIP ⭐0.9842 0.98072 0.35
Scalefree
ZIC ⋆0.98507 0.98115 0.40
ZIP 0.99144 0.99115 -
RE ⋆0.98434 0.98165 0.27
AZIP 0.99019 0.98964 -
Different
Chain
ZIC 0.9798 0.97873 -
ZIP ⭐0.9846 0.98291 0.17
RE ⭐0.98121 0.97796 0.33
AZIP ⭐0.9846 0.98231 0.23
Fully
ZIC 0.9805 0.98101 -
ZIP 0.98303 ⭐0.98551 -0.25
RE 0.98006 0.98032 -
AZIP 0.98221 0.98244 -
Ring
ZIC ⋆0.98211 0.97744 0.48
ZIP ⋆0.9869 0.98258 0.44
RE ⋆0.98173 0.97739 0.44
AZIP 0.98456 0.98356 -
Star
ZIC ⭐0.98544 0.98267 0.28
ZIP 0.99147 0.99089 -
RE 0.98437 0.98203 -
AZIP ⭐0.99155 0.98963 0.19
Smallworld
ZIC ⭐0.98148 0.97845 0.31
ZIP ⋆0.98556 0.98164 0.40
RE ⭐0.9805 0.97858 0.20
AZIP ⭐0.98545 0.98205 0.35
Scalefree
ZIC 0.98562 0.98448 -
ZIP 0.99036 0.99043 -
RE ⭐0.98596 0.98367 0.23
AZIP 0.9909 0.99019 -
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
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Table D.12: Last-10-day trader distribution comparison in CHmarkets between SF-SM
strategy and MHSF-SM
Charge Type Network Trading Strategy Softmax MHSF-SM ∆%
Same
Chain
ZIC 0.96458 ⋆0.9753 -1.10
ZIP 0.98877 0.99247 -
RE 0.97006 0.974 -
AZIP 0.98951 ⭐0.99211 -0.26
Fully
ZIC 0.97949 0.97945 -
ZIP 0.98877 0.98791 -
RE 0.98022 0.98007 -
AZIP 0.98985 0.9895 -
Ring
ZIC 0.96856 ⭐0.97304 -0.46
ZIP 0.99032 ⭐0.99201 -0.17
RE 0.96843 ⭐0.97576 -0.75
AZIP 0.99015 ⭐0.99311 -0.30
Star
ZIC 0.97022 ⭐0.97658 -0.65
ZIP 0.98916 ⭐0.99114 -0.20
RE 0.97332 ⭐0.97652 -0.33
AZIP 0.98989 ⭐0.99114 -
Smallworld
ZIC 0.97072 ⭐0.97579 -0.52
ZIP 0.99222 0.99211 -
RE 0.97426 0.97786 -
AZIP 0.99188 0.99148 -
Scalefree
ZIC 0.97146 0.97468 -
ZIP 0.99166 0.99172 -
RE 0.97436 0.97709 -
AZIP 0.99013 ⭐0.9918 -
Different
Chain
ZIC 0.96306 0.96458 -
ZIP 0.96277 ⭐0.98877 -
RE 0.95945 ⭐0.97006 -
AZIP 0.96247 ⭐0.98951 -0.27
Fully
ZIC 0.97379 ⭐0.97949 -
ZIP 0.98102 ⭐0.98877 -
RE 0.97421 ⭐0.98022 -
AZIP 0.9809 ⭐0.98985 -
Ring
ZIC 0.95889 ⭐0.96856 -
ZIP 0.96499 ⋆0.99032 -0.26
RE 0.96015 ⭐0.96843 -
AZIP 0.96682 ⭐0.99015 -0.26
Star
ZIC 0.95898 ⭐0.97022 -
ZIP 0.96734 ⭐0.98916 -
RE 0.9641 ⭐0.97332 -
AZIP 0.96492 ⭐0.98989 -0.23
Smallworld
ZIC 0.96435 ⭐0.97072 -
ZIP 0.97023 ⭐0.99222 -
RE 0.96207 ⭐0.97426 -
AZIP 0.97054 ⭐0.99188 -0.11
Scalefree
ZIC 0.95814 ⭐0.97146 -
ZIP 0.96632 ⭐0.99166 -
RE 0.96386 ⭐0.97436 -
AZIP 0.96515 ⭐0.99013 -
On a given row, numbers in ⋆ indicate that the distribution efficiency is significantly higher at the 95% level
for both family-wise and pair-wise tests, numbers with ⭐ indicate that the distribution efficiency is significantly
higher at the 95% level for only pair-wise test, ∆ is the difference between the two values being compared, a
positive ∆% value indicates the distribution efficiency of the transfer learning strategy is higher.
Appendix D. Results of Chapter 5 - Trader Distribution 410











































































Figure D.1: Supply-demand curve of M0 - M4 in day 1. CHAIN network market with all free
CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.2: Supply-demand curve of M5 - M9 in day 1. CHAIN network market with all free
CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.3: Supply-demand curve of M10 - M14 in day 1. CHAIN network market with all free
CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.4: Supply-demand curve of M15 - M19 in day 1. CHAIN network market with all free
CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.
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Figure D.5: Supply-demand curve of M0 - M4 in day 800. CHAIN network market with all free
CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.6: Supply-demand curve of M5 - M9 in day 800. CHAIN network market with all free
CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.7: Supply-demand curve of M10 - M14 in day 800. CHAIN network market with all
free CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.8: Supply-demand curve of M15 - M19 in day 800. CHAIN network market with all
free CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.
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Figure D.9: Supply-demand curve of M0 - M4 in day 1. SCALE-FREE network market with all
free CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.10: Supply-demand curve of M5 - M9 in day 1. SCALE-FREE network market with
all free CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.11: Supply-demand curve of M10 - M14 in day 1. SCALE-FREE network market with
all free CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.12: Supply-demand curve of M15 - M19 in day 1. SCALE-FREE network market with
all free CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.
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Figure D.13: Supply-demand curve of M0 - M4 in day 800. SCALE-FREE network market with
all free CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.14: Supply-demand curve of M5 - M9 in day 800. SCALE-FREE network market with
all free CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.15: Supply-demand curve of M10 - M14 in day 800. SCALE-FREE network market with
all free CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.











































































Figure D.16: Supply-demand curve of M15 - M19 in day 800. SCALE-FREE network market with
all free CDA markets. All traders use sf-eg market selection strategy and zi-c trading strategy.
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Figure D.17: Supply-demand curve of M0 - M4 in day 1. CHAIN network market with all free
CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.18: Supply-demand curve of M5 - M9 in day 1. CHAIN network market with all free
CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.19: Supply-demand curve of M10 - M14 in day 1. CHAIN network market with all free
CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.20: Supply-demand curve of M15 - M19 in day 1. CHAIN network market with all free
CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.
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Figure D.21: Supply-demand curve of M0 - M4 in day 800. CHAIN network market with all free
CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.22: Supply-demand curve of M5 - M9 in day 800. CHAIN network market with all free
CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.23: Supply-demand curve of M10 - M14 in day 800. CHAIN network market with all
free CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.24: Supply-demand curve of M15 - M19 in day 800. CHAIN network market with all
free CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.
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Figure D.25: Supply-demand curve of M0 - M4 in day 1. SCALE-FREE network market with
all free CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.26: Supply-demand curve of M5 - M9 in day 1. SCALE-FREE network market with
all free CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.27: Supply-demand curve of M10 - M14 in day 1. SCALE-FREE network market with
all free CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.28: Supply-demand curve of M15 - M19 in day 1. SCALE-FREE network market with
all free CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.
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Figure D.29: Supply-demand curve of M0 - M4 in day 800. SCALE-FREE network market with
all free CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.30: Supply-demand curve of M5 - M9 in day 800. SCALE-FREE network market with
all free CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.31: Supply-demand curve of M10 - M14 in day 800. SCALE-FREE network market
with all free CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.











































































Figure D.32: Supply-demand curve of M15 - M19 in day 800. SCALE-FREE network market
with all free CDA markets. All traders use sfsm market selection strategy and zi-c trading strategy.
Appendix E
Results of Chapter 5 - Speed of
Learning
Results shown here are related to the results of Section 5.4.1.4.
E.1 Non transfer learning VS transfer learning
418
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Table E.1: Speed of learning comparison in CDA markets between ǫ-greedy
strategy and SF-EG































































On a given row, numbers in bold indicate where convergence is faster.
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Table E.2: Speed of learning comparison in CDA markets between ǫ-
greedy strategy and MHSF-EG































































On a given row, numbers in bold indicate where convergence is faster.
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Table E.3: Speed of learning comparison in CDA markets between softmax
strategy and SF-SM































































On a given row, numbers in bold indicate where convergence is faster.
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Table E.4: Speed of learning comparison in CDA markets between softmax
strategy and MHSF-SM































































On a given row, numbers in bold indicate where convergence is faster.
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Table E.5: Speed of learning comparison in CH markets between ǫ-greedy
strategy and SF-EG































































On a given row, numbers in bold indicate where convergence is faster.
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Table E.6: Speed of learning comparison in CH markets between ǫ-greedy
strategy and MHSF-EG































































On a given row, numbers in bold indicate where convergence is faster.
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Table E.7: Speed of learning comparison in CH markets between softmax
strategy and SF-SM































































On a given row, numbers in bold indicate where convergence is faster.
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Table E.8: Speed of learning comparison in CH markets between softmax
strategy and MHSF-SM































































On a given row, numbers in bold indicate where convergence is faster.
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